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INSULIN was discovered scarcely more than 10 years ago and, 
within a year following its discovery, its efficacy in the treatment 
of the disease was demonstrated beyond doubt. Insulin changed 
the outlook of the average diabetic patient almost overnight. It 
freed him from the restricted life of the chronic invalid and often 
restored him to an active career. The diabetic child ceased to be a 
victim marked for death; insulin enabled him to join his fellows in 
school and in play; it gave him the prospect of growing to manhood, 
of becoming a useful member of the community. To the medical 
profession, insulin came as an enormous boon: the diabetic patient 

* Throughout this article the diabetes death rates are computed per hundred thous- 
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can now be brought safely through serious iflnesses and other emer- 
gencies requiring surgical intervention which hitherto were likely 
to prove fatal. 

Yet today, the recorded mortality from diabetes is reaching levels 
never before attained. With the mortality rates now prevailing, 
26 out of every thousand girl babies will eventually succumb to the 
disease and 15 out of every thousand male infants. In but 10 short 
years, the probability at birth of eventually dying from diabetes 
has increased over 50 per cent for female infants and 15 per cent 
for male infants. Fifty years ago deaths from diabetes were infre- 
quent. The disease was a relatively minor cause of death. Even 
at the beginning of this century it was twenty-seventh in rank 
among the causes of death in this country. In the last three decades 
it has advanced to the tenth position in importance. Indeed, among 
females it is ninth in rank at all ages, and seventh at ages 45 and 
over. At these older ages, fewer women die of tuberculosis than of 
diabetes. 

Diabetes has thus become a disease of major importance and for 
reasons which will appear later, its importance is increasing rather 
than decreasing. The amazing progress that has been made in its 
diagnosis and tréatment has not stemmed the rising mortality 
from diabetes. This is hard, not only for the general public to 
understand, but for many in the medical profession also. The time 
is ripe, therefore, for a careful and thorough survey of the diabetes 
situation. 

The primary aim of the authors is to show, in this and the papers 
which will follow, the great improvement in the prognosis of dia- 
betes, and how this improvement may be measured. We shall also 
deal with the incidence of the important elements in the etiology 
of the disease, the complications of the disease, and the influence 
of these factors on the prognosis. We shall also try to discover 
what means will be most effective in bettering the outlook for those 
who have acquired the disease, and what is even more important, 
what measures may be evolved for cutting down the fast growing 
number of new cases. Our analysis of the diabetes situation will be 
critical and largely statistical. We shall deal with two main sources: 
first, the mortality data on the disease throughout the world and 
next, an analysis of the carefully compiled records of one of the 
authors (E. P. J.). 

The first paper in this series presents data on the mortality from 
the disease. 

The Increasing Importance of Diabetes in the United States. The 
annual toll of diabetes in the United States is now close to 28,000, if 
it does not already exceed that number. In 1932, there were 
actually 26,298 deaths from the disease in the Registration Area of 
this country, in which live 96 per cent of the population. . The 
increase in the diabetes death rate this year (1933), which other 
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sources indicate has taken place, has probably carried the number 
beyond the 28,000 mark. 

The 26,298 deaths from diabetes in 1932 were 2.0 per cent of all 
deaths in that year. If we disregard deaths from accidents and 
congenital conditions in the newborn, diabetes advances from 
ninth to seventh in rank. It will be interesting to compare the 
death rates from diabetes with those of the other leading causes of 
death (Table 1). 


TABLE 1.—DeEaTH RaTEs FOR SPECIFIED CAUSES OF DEATH IN 1932, SHOWING 
RANKING ORDER OF DIABETES AS A CAUSE OF DeatTH. ALL AGEs, UNITED 
StaTes REGISTRATION AREA. 
Death rates per 
Cause of death. 100,000. 


Cerebral hemorrhage, embolism and thrombosis . . 83.4 
Congenital conditions... ....... 53.2 


The growing importance of diabetes is made manifest by examin- 
ing mortality data over a period of years. For comparable data on 
a national scale we are limited to the Death Registration Area of 
1920. In this area, diabetes was tenth in importance in 1930, 
accounting for 20,234 deaths (1.8 per cent). Only 5 years before 
that the diabetes deaths were only 1.5 per cent of all deaths and in 
1920, diabetes was twelfth in rank and caused only 1.2 per cent of 
all deaths. 

At ages over 45, diabetes was eighth in importance in 1930. In 
that year, 2.4 per cent of all deaths at these ages was charged to it, 
as compared with only 1.9 per cent a decade before. Among white 
females over 45, the importance of diabetes has grown even more 
rapidly. In 1930, it was seventh in rank among the causes of death 
of older women, accounting for 3.4 per cent of the deaths. Diabetes 
had moved up from the eighth position in 1920, and the number of 
deaths had increased from 2.8 per cent of the total in 1925 and 2.4 
per cent in 1920. 

In older and more settled portions of the country, the disease 
assumes even greater importance. In the State of Massachusetts, 
diabetes was ninth in rank in 1930, but only thirteenth in 1910. 
Among females, at ages 40 and over, it was seventh in order of 
importance of the causes of death in 1930. This disease accounted 
for 2.1 per cent of all the deaths in that State in 1930 and for 3.5 per 
cent of the deaths of women at ages 40 and over. Twenty years 
before that, only 1.1 per cent of all deaths and 1.9 per cent of deaths 
of women at ages 40 and over were due to the disease. 
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The Comparative Mortality from Diabetes in the United States and 
Other Countries. The United States has a higher death rate from 
diabetes than any other country in the world—22.0 in 1932. To 
the north of us, in Canada, the rate in the same year was only 12.8, 
or less than two-thirds of ours. In England, too, the death rate 
from diabetes is much lower than in the United States, only 14.5 
being recorded in 1931. The highest mortality from diabetes 
outside the United States is found in the Netherlands which in 1931 
had a rate of 17.7. The next highest is Denmark, with a rate of 
15.9 in 1931. 

Examination of Table 2 shows that in the countries of Northern 
and Western Europe, diabetes death rates are not much different 
from those prevailing in England. The Latin countries experience 
a much lower mortality from the disease. In Italy, for example, the 
death rate for 1930 was only 8.2; in Spain, only 9.4 in 1929 and in 
Cuba, 5.1 in 1926. 


TaBLE 2.—DeatTH RATES FROM DIABETES MELLITUS IN LEADING COUNTRIES OF 
THE WORLD. 


Death rate 
Country. per 100,000. 
New Zealand! . 
Union of South Africa’ * (European population only) 
Canada! 12.8 
Norway*® . 10.8 
Spain‘ . 9.4 
Italy’ 8.2 
Irish Free State? ‘ 8.2 
Czechoslovakia* 8.1 
Cuba® . 5.1 
Japan’ , 3.5 


1932,! 1931,? 1930, 1929, ‘ 1926. 


The data already quoted relate to the white race. For the other 
races of the world, data are not very extensive nor reliable. For 
the yellow race, the only national data available are for Japan. In 
that country, diabetes is a relatively infrequent disease. In 1930, 
its death rate was only 3.5, or less than one-fifth of the rate in this 
country. Negroes in the United States have a much higher mortal- 
ity. In 1929 their death rate was 12.7. The diabetes death rate of 
the American Indians in this country was 5.7 in the 3 years, 1927 to 
1929, that is, much lower than for either the whites or negroes. The 
Chinese residing in this country had the extremely high rate of 32.5 
in the same period, but their high mortality is largely due to the 
abnormal age distribution of the group. The Japanese living in this 
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country have an extremely low rate from the disease, only 2.8 in 
1927-1929. New and more extensive data should explain this wide 
difference in diabetes mortality between the Chinese and Japanese 
in this country. New light on the problem can be sought in the 
hospital statistics of the two mother countries. 

The Rising Trend in Diabetes Mortality. The death rates from 
diabetes have been rising steadily over a long period. This increase 
is world-wide. It is apparent not only in almost all civilized coun- 
tries, but is found uniformly in local areas within these countries. 
Statistics for the United States do not represent the experience for 


22 


Standardized death rates per 100,000 
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Crart I.—Diaketes death rates at all ages, 1 to 74. Metropolitan Life Insurance 
Company, Industrial Department, 1911-1932. 


the country as a whole, but for the last 20 years we have a good 
cross-section represented by the families of wage earners insured 
in the Industrial Department of the Metropolitan Life Insurance 
Company. These families live almost entirely in the cities and towns 
of the United States and Canada and form such a large proportion 
of the communities in which they live that the carefully compiled 
mortality record that has been kept of them is an accurate index of 
mortality in this country. 

The upward swing of the mortality from diabetes is clearly seen 
in Chart I which shows the death rates in these wage earning 
families, during the 22 years ending in 1932. These death rates 
have been adjusted to eliminate changes in the age, sex and color 
composition of this population. The highest diabetes death rates 
have been recorded in recent years. The maximum rate, 20.7, was 
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reached in 1932, and thus far in 1933 the rate is higher than for the 
corresponding part of any earlier year. These peak rates are the 
culmination of a fairly steady advance in the death rate from the 
disease since 1924 when it was only 16.5. Thus, in the relatively 
short span of 8 years the death rate from diabetes rose 25.5 per cent. 

The rise in these last few years is only the continuation of a broad 
advance which was evident even in the early years of our experience. 
Over the whole period 1911 to 1930 the increase amounts to 0.17 
deaths per annum. This broad upward trend in diabetes mortality 
was interrupted at two points. The first time covered the later years 
of the World War and those immediately following the War when in 
all likelihood it was influenced by the restrictions on the use of food- 
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Cuart II.— Diabetes death rates in the United States, 1880-1931. 


stuffs through government regulation and by high prices. In part, 
the reduction in mortality during these years may be an artifact, 
because proper registration of deaths from the disease was affected 
by the diversion of large numbers of physicians into military service. 
The second interruption to the upward trend of diabetes mortality 
was in the years immediately following the introduction of insulin 
treatment. 

The rise in diabetes mortality was at first moderate, reaching 
its first small peak of 17.5 in 1916, a rise of but 15.5 per cent 
from 1911-1912. Following this the death rate dropped to 15.1 in 
1919. From the low point in 1919, the mortality rose rapidly 
reaching another peak, 18.3, in 1922. In the latter part of 1922, 
insulin which had been discovered the previous year by Drs. Banting 
and Best was introduced on a commercial scale for use by physicians. 
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Its effect on diabetes mortality was immediate and the death rate 
for 1923 showed the first decrease since 1919, followed by a further 
fall in 1924. In that year the rate was 16.5, or 9.8 per cent below 
the peak rate recorded 2 years before. Even at this new level, 
however, the death rate from diabetes was appreciably above the 
level prevailing before the War. Since 1924, there has been no 
important interruption in the upward trend in diabetes mortality. 
The rise in diabetes mortality in this country is also evident in 
the official statistics which are portrayed in Chart II. The reader 
is reminded that mortality data for the entire country or for the 
major part of it are available for a comparatively short period. 
The chart shows the death rates in the expanding Registration 
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Cuart III.—Diabetes death rates in Massachusetts and New York, 1900-1931. 


Area from 1900 to 1931 and in the constant area comprised in the 
so-called Original Registration States from 1900 on. For reference 
we have inserted in the chart the death rates for the census years 
1880 and 1890 for the small Registration Area in those years for 
which the data are available. The death rates in these series do not 
take into account changes in the sex, color and age composition of 
the population. A third series has been added, therefore, which 
allows for these changes. This third series is limited to the period 
since 1910 and consists of the expanding Registration Area from 
1910 to 1919 and of the Registration States of 1920 since the latter 
year. 

The course of the diabetes death rates in the several areas is 
roughly similar and since 1910 they show no features that are essen- 
tially different from the experience already shown for Industrial 
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policyholders of the Metropolitan Life Insurance Company. The 
rise is most moderate in the case of the adjusted rates, but this is to 
be expected. The chief new feature of this chart is the story of 
diabetes prior to 1910. It shows that the broad advance in diabetes 
mortality since 1910 was no new thing, but had been going on for 
some time. Between 1900 and 1910, the diabetes death rate had 
increased by 50 per cent. Another striking fact is that 40 or 50 
years ago, diabetes was relatively uncommon. The death rate was 
only 5.5 in 1890, or little more than a quarter of what it is now. 
Fifty years ago, the death rate was even lower—less than 3—or 
only one-seventh of the current death rate from the disease. 

Next let us examine the long-term changes in diabetes death 
rates in local areas. For this purpose we have chosen Massachusetts 
and New York because in these two states the mortality records 
go back for many years and also because in them the quality of 
medical certification is about the best in this country. The first 
thing which attracts attention is the high level which the rates in 
these two states have reached. The trend of mortality in these 
states, however, is little different from that of the rest of the country. 
Since 1920 it is true that in Massachusetts particularly, the rise 
has been more moderate than in the other areas. Apart from this 
difference it is certain that even in these two states in which, if 
anywhere, we might expect some amelioration of the rise in diabetes 
mortality, because of their well developed medical services, there is 
none. 

In Canada, ayailable mortality records go back only to 1921. 
There, too, recent rates for diabetes are higher than a decade ago. 
In Canada, however, the rise has been more moderate than in this 
country. 

In European countries, too, the diabetes death rate shows an 
upward tendency. In some of them they have increased even more 
rapidly than in the United States. In England, for example, the 
death rates in recent years have been the highest on record. That of 
1931, 14.5, was 29.5 per cent higher than in 1925 and 45.0 per cent 
higher than in 1920. In Denmark, the 1931 rate, 15.9, was 20.5 per 
cent higher than in 1925 and 27.2 per cent higher than in 1920. 
Similarly, the 1931 rate for the Netherlands, 17.7, shows an increase 
of 22.0 per cent in 6 years and 40.5 per cent in 11 years. Italy’s 
rate for 1930 was nearly double the rate for 1920. Generally 
speaking, the rising trend in diabetes mortality shows the same 
broad advance as that found in this country. Abroad also, the 
rising trend was marked by two brief interruptions: the first during 
the period of years just preceding and just following the World War; 
the second time, subsequent to the introduction of insulin. 

National data for Germany and France are not available, but 
the data for the capital cities of both countries and of the German 
provinces conform to the general picture we have drawn. 

The best data for other regions of the world relate to European 
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settlements, particularly the English colonies. In Australia, the 
trend of diabetes mortality has been upward and the 1932 death 
rate is the highest on record. The same is true in New Zealand and 
in the European population of South Africa. 

In Japan, the only Oriental country with substantial data, 
although the death rates are low and possibly not reliable, there has 
also been a definite rise in diabetes death rates. 

It would be interesting to know the trend of diabetes in the 
tropical areas and in the countries of South America, but the data 
are too fragmentary and unreliable to give us a clear picture of the 
situation in them. 

Table 3 portrays the changing situation in the several areas for 
which the data have been collected. 


TaBLE 3.—D1aBETEs DeatH Rates PER 100,000 PrRINcIPAL COUNTRIES OF THE 
_ Wortp, 1900 to 1931. 


1931, | 1930. 1929,! 1928, 1927, 1923.| 1922,| 1921.) 1920. | 1918. | 1915. | 1910.| 1905.| 1900. 
United Statest 24.0 24.1|23. 6 | 22.0 22.0 | 21.0/20.3 22.1|23.2|20.7/20.4 |21.5 
England and | 
Wales . | 14.2|14.2| 13.1) 12.6 11.5| 11.2] 10.9| 11.4) 11. 9 | 10.8 | 10.0* | 10.3* | 13.0*| 11.0 9.3) 
Netherlands 17.7) 17.6|17.8| 16.3 | 16.3| 15.9 | 14.5] 15.0|14.0/12.7/12.6 |10.7 |13.1 | 9.9|....).... 
Italy . . 8.1 7.1| 6.3| 5.9| 5.8| 5.4] 5.4] 4.9] 4.5 | 4.8 | 5.3 | 4.7| 3.3 
Bavaria 7.6| 6.5| 5.8] 5.6] 5.2 | 6.3 | 7.7 |....|....].... 
9.4} 9.3] 9.3] 8.5) 8.3] 8.2] 7.9] 7.3] 7.3) 6.8 |.....]..... 
Australia 13.9) 11.2| 12.9 | 12.0 | 13.1/ 11.3 | 11.4] 11.6 | 12.2]12.3| 11.5 | 11.5* | 11.6*|10.4*| 9.5|....|.... 
Japan . | 8:5] 3:5| 3.5] 3.3] 3.3] 3.2] 3.3) 3.3/3.1 | 3.5 | 2.9 | 1.8|....|.... 
New Zealand 15.7 | 15.7 | 14.3 | 12.0] 13.7| 12.0 | 12.2) 13.3 | 14.2 12.7| 13/5) 12.5 [17.7 |13.5 |12.4)....| 7.5 
Northern Ireland | 9.6| 9.7| 9.2|10.0| 9.6|10.2| 7.9|12.7/11.1| 9.5| 9.5 | 8.4 |10.8 |....| 2... 
Norway | ... {10.8} 11.1|10.2/10.5| 9.7| 9.7| 8.4|10.8|10.3|10.1| 9.6 | 7.9 | 
Scotland | 13.6) 9.0 | 9.1 |11.4 | 9.7 7.2 
Switzerland 11.0|10.7|10.3|10.3| 9.1| 9.2| 8.9| 8.7| 7.8| 7.7 | 6.4 | 7.6 |....| 2... 5.6 
Denmark . | 14.5 13.1) 13.2] 12.5| 14.2] 15.1) 14.5/12.5 | 
Union of South | 
Africa... |.... |15.7|13.6|13.5|13.0| 11.7] 11.6|10.6/12.4| 
Irish Free State . | 8.0) 7.8| 7.9| 7.8| 7.6| 7.4] 7.1| 7.4| 7.9| 6.9| 7.6 | 6.8 | 8.9 |... 


t Original Registration States. 


It is clear from all these sources that few countries or localities 
have escaped the rising tide of diabetes mortality. The disease has 
continued to exact a mounting toll of human life although present 
knowledge would seem sufficient not only to save the lives of dia- 
betics but also largely to prevent the disease. The causes of this 
rising trend are many and some of them are known, but before we 
look into them it would be well to review certain aspects of the 
mortality from the disease, particularly its sex and age characteris- 
tics, its racial and social aspects. 

The Characteristics of Diabetes Mortality by Age, Sex and Color. 
Age. Diabetes is primarily a disease of later life. In early child- 
hood and adolescence, the disease is relatively rare and the death- 
rates are low—about 2 in recent years, 1926 to 1930, among insured 
persons under 15 years of age and 3 in the succeeding decade of life. 
It is significant that there is a slight maximum at ages 15 to 19, 
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which covers the period of adolescence. This noticeable peak is 
probably indicative of the réle of abnormal development in the 
causation of diabetes among young people at this stage of life. 
The mortality rises gradually through early adult life, as Chart IV 
shows, but after age 35 it increases rapidly. Compared with the 
preceding 10-year-age period, the death rate at ages 35 to 44 increases 
approximately two-fold; at 45 to 54, four-fold; at 55 to 64, over 
three-fold; and at 65 to 74, nearly two-fold again. The maximum 
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Cuart IV.—Diabetes death rates by sex and age among white persons. Metro- 


politan Life Insurance Company, Industrial Department, 1926-1930. 


death rate is reached in old age, but it is, then, not much or con- 
sistently higher than at ages 65 to 74. 

The age curve of diabetes mortality in the United States is 
a characteristic one. The contours of the death rates by age in 
other countries are similar although, as would be expected, there are 
differences in detail. We shall not go into these differences at this 
point. 

Sex. The mortality from diabetes among women is now much 
higher than among men, contrary to the early clinical experiences 
which showed a predominance of male patients. At all ages 1 to 74, 
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the death rate for females in the 5 years ending in 1930 exceeded 
that for males by 75.9 per cent. It is clear from Chart IV that the 
whole excess of diabetes in females is limited to middle life and old 
age. In childhood and early adult life, the rates of the two sexes 
differ little. Around menopause, the female rate begins to increase 
very rapidly, much more so than the rate for males of corresponding 
ages. This high rate of increase continues for the next 30 years of. 
life, and as a result the rates for women exceed those for men by an 
increasing margin with advancing age. Thus, at ages 35 to 44 the 
excess of the female rate over that for males is only 28.8 per cent, 
but increases rapidly to 68.9 per cent at ages 45 to 54, and reaches a 
maximum of 108.4 per cent at ages 55 to 64. The excess is smaller 
in later life. At ages 65 to 74 it amounts to 89.0 per cent. 

This excess mortality from diabetes of women, as compared with 
men, is characteristic of the diabetes situation today. It is found 
in other countries beside the United States, although the actual 
excess differs appreciably from country to country. Thus, in Eng- 
land and Wales the diabetes death rate of females at all ages is but 
little more than 10 per cent higher than the male rate. Up to age 
35, female rates are somewhat lower than those for males, and it is 
only after age 45 that there is any appreciable excess in the female 
rates. The maximum difference in the rates of the two sexes is 
only one-third, and occurs between ages 55 and 64. 

In New Zealand, the diabetes death rate of females is more than 
50 per cent higher than that of males. In that country the rate 
for women is consistently higher throughout adult life, and the 
differences in the mortality of the two sexes are as large as in the 
United States, reaching a maximum at ages 65 to 74, when the rate 
for women is more than double that for men. In Denmark, the 
female death rate from diabetes is about one-fourth higher than the 
rate for males. In that country, however, there is little difference 
in the level of the mortality of the two sexes until late middle life. 
After age 55, the rate for women is appreciably higher than that for 
men, the excess increasing with advancing age. In the Netherlands, 
the difference in mortality between the two sexes is most marked: 
present rates for females are nearly double those for males. In 
Australia, too, the female rate is greatly in excess of that for males 
in the last 5 years. In the 5-year period ending in 1930, the female 
rate averaged about two-thirds in excess of the male rate. Unfor- 
tunately, the age specific data for the last two countries are not 
available and we cannot tell whether or not the differences in the 
mortality of the two sexes are limited to later life as in other coun- 
tries. 

In Table 4 are shown the death rates by sex in the years 1926 to 
1930 in the several countries and by age also where these data are 
available. 
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TABLE 4.—Smex aND AGE CHARACTERISTICS OF DIABETES MORTALITY IN SEVERAL 
CouNTRIES. 


Death Rates Per 100,000 in United States, England and Wales, New Zealand, 
Denmark, Australia and 1926 to 1930. 


| United States. | England and | New Zealand. | Denmark. 


Australia. | Netherlands.t 
| 


Age period. | 
Fe- | Fe | | Fe Fe- | Fe | | Fe 
| Males. | males.t} Males. | males. | Males. | males. Males. | males. | Males. | males. | Males. | males. 
All ages .. 13.5% 20.3% 9.1% 10.2% 1 6| 16.4 11.8; 15.0} 9.1 | 15.2 | 12.2 | 21.4 
0-14 2.2} 2.0 | 
2.3% 2.5% | | {2 1.6 | | | 
15-24 . 3.7 | 2.3 | 3 | 2.8 2.9 | 
25-34 . 3.5 3.6 3.7 | 3.2 | 2.6) 3.7] | 
35-44 .| 5.8) 7.6] 4.7) 2.7) 4.5) 
45-54 . 17.3 | 28.8 9.4 11.9| 11.1 20.5) 13.1 12.7 
55-64 . | 57.0 | 102.0 | 33.0) 44.5 | 28.5 | 51.4] 42.6 52.7 
65-74 . | 118.6 | 189.1 | 82. 4 95.9 | 78.0 | 159.1 | 80.2 | 101.0 
75 and 
over . | 158.8 190.5 108. 2 | 107. 6 | 158. 2 | 190.4 | 83.8 107.0 | 
| | | 
* Standardized. t White only. t Age data not available. 


Sex and Age Characteristics in the United States and in Other Coun- 
tries Compared. It will be interesting next to compare the diabetes 
mortality by sex and age in this country with that in other lands. 
Further examination of Table 4 from this point of view shows that 
the death rates for both males and females in this country are higher 
than in any other for which this record is available. At the younger 
ages, in both sexes, the diabetes death rates in all countries are very 
much alike. Beginning with age 35 the death rates in this country 
forge ahead, and by age 45 there is a considerable margin between 
the diabetes death rates in this and other countries. All through 
the rest of the life span the diabetes death rates of this country are 
higher than those abroad. Only at ages 75 and over do we find the 
rate in one country, namely, New Zealand, on a par with that in 
this country. These statements apply both to males and females. 

Sex and Age Characteristics Among Negroes. The large number 
of negroes in our population demands consideration of the facts on 
the diabetes mortality of that race in this country. For them, the 
data on insured persons are most instructive. While these relate to 
all colored policyholders, the group consists almost entirely of 
negroes. 

During the early years of this mortality experience, it was thought 
that the negroes were relatively immune to diabetes. The death 
rate of colored persons 20 years ago was only two-thirds that of 
whites. The error in this earlier view has become increasingly 
evident. In the 5-year period ending in 1930, the mortality of 
colored persons has been but little lower than that of the white 
race. This statement is true for both sexes. 

The diabetes mortality of negroes is marked by relatively higher 
rates in early adult and middle life. Thus, in the period 1926- 
1930, the rate of colored men at ages 25 to 34 exceeded that of whites 
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by 17.1 per cent; at ages 35 to 44, by 27.3 per cent; and at ages 45 
to 54, by 15.7 per cent. Among females, the differences were even 
greater. At ages 25 to 34, negro rates exceeded the white by 81.1 
per cent; at ages 35 to 44, by 163.5 per cent; and at ages 45 to 44, 
by 61 per cent. In old age, rates of colored persons of both sexes 
were much below those for whites, and in early life, approximately 
the same as the rates for white persons. 

As among whites, there is a characteristic rise of diabetes mor- 
tality with age among colored persons. Similarly, the rates of 
colored women are higher than those for men. This difference is 
greatest between ages 35 and 44, and declines therafter. Among 
whites, on the other hand, the maximum difference in the mortality 
of the two sexes is not reached until 20 years later, 7. e., between 
ages 55 and 64. 

Table 5 gives the rates for colored policyholders of the Metro- 
politan Life Insurance Company. 


TABLE 5.—SEx AND AGE CHARACTERISTICS OF DIABETES MORTALITY OF 
CoLorRED PERSONS. 
Death Rates Per 100,000 Among Colored Policyholders, Metropolitan Life Insurance 
Company, Industrial Department, 1926 to 1930. 


Age groups. Males. Females. 
5to 9. 0.6 1.3 
10 to 14. 1.8 3.2 
15to19. 2.9 * 2.4 
20 to 24 . 2.6 3.3 
25 to 34 . 4.8 6.7 
3§6to44. .. . ed 8.4 22.4 


* Standardized. 


Trends in Diabetes Mortality by Sex—United States. The next 
step in our analysis is to determine whether there are any differences 
in the mortality trends by sex. We have already seen that for the 
population as a whole there has been a broad advance in diabetes 
mortality for a long period of time. Examination of the rates for 
males and females separately showed distinct differences. Again, 
using the carefully recorded data on persons insured by the Metro- 
politan Life Insurance Company, we find that for white males the 
diabetes standardized rate at all ages 1 to 74 has been remarkably 
stable for two decades. The minimum rate of 12.3 was registered 
in 1924; the maximum of 14.5 registered in 2 years, 1923 and 1916. 
The tendency of the trend for white males has been downward, 
but the actual decline, by the usual statistical tests, is not really 
significant. Among colored males, the trend has been upward. 
Their death rate is much closer to that of white men today, although 
in the earlier years of this study, it averaged about one-third less. 

In contrast to these moderate changes among males are the very 
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sharp and unmistakable increases in the rates of women, both white 
and colored. Among white women, the increase has averaged annu- 
ally 1.5 per cent of the mean rate of the two decades. The course 
of the rate among insured white women is in its details similar to 
that of the total insured population, which we have already described, 
differing only in that the upward swings are more accentuated. 

Negro women have experienced an even sharper rise in diabetes 
mortality than white women. Their death rate in the early years 
of the insurance experience was barely half that of the whites. 
Within the short space of 20 years, however, the picture has changed 
completely. Increasing at a rate which has averaged 5.4 per cent 
per annum of the mean rate of the last two decades, the mortality 
of colored females has caught up with that of white females, and in 
some recent years has actually exceeded it. 

Other Countries. ‘The relatively stable death rate from diabetes 
among males and the rapidly rising mortality among females which 
we found in the United States appears to be characteristic of the 
trends in the disease everywhere. In England, for example, the 
long-term trend of death rates, adjusted for age, among males has 
been downward, although for the last 5 years it has shown a tendency 
to increase. Nevertheless, the rate of males in England in recent 
years has been substantially below that prevailing 20 years ago. 
Among females, on the other hand, recent rates have been the high- 
est recorded, and this rise has been going on with little interruption 
over the last 10 years. It is of interest to note that only since 1923 
have the diabetes death rates of women in England been higher 
than the male rates. 

In the Netherlands, the rate of males has been rising, but at a 
much slower pace than that of women. Thus, the diabetes mor- 
tality of men has risen about one-third in the last 20 years, and 
about one-fifth in the last decade. This is in sharp contrast to the 
increase of 75 per cent in the female rate in the last 20 years, and of 
50 per cent in the last 10. 

In Denmark, Australia and New Zealand, similar changes have 
occurred. In all these countries the death rates from year to year 
show large fluctuations because of the relatively small populations, 
but in the case of men they show a clear-cut tendency to rise moder- 
ately during the last few years. Present rates for men, however, are 
appreciably below the maxima reached 10 years ago. Among 
women, on the other hand, there has been a sharp rise in mortality 
from the disease in these countries, with the maximum rates recorded 
in very recent years. The detailed data on these changes are shown 
in Table 6. 

Age and Sex Trends in Diabetes Mortality. The larger move- 
ments in the death rates from diabetes at all ages, both for men and 
women, conceal significant and contrary trends at the different 
periods of life. Stated most briefly, among white persons the rise 
in diabetes mortality has been limited to older persons; among men, 
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TABLE 6.—TRENDs OF DIABETES MorTALITY OF MALES AND FEMALES IN SEVERAL 
CouNTRIEs. 
Death rates per 100,000. 


= 


United England New Nether- 
Year. States.*— and Wales.* Australia. Zealand. lands. Denmark. 
Males: 
9.7 12.3 12.0 
oe. « 3S 9.3 8.7 10.9 12.1 
9.5 10.1 10.0 12.8 
ime. . 4.0 9.1 9.0 10.7 11.6 11.8 
8.8 9.4 11.8 12.4 
8.6 8.4 9.8 12.0 
re 8.1 9.0 8.4 10.2 
1924 . . 12.6 8.6 9.5 8.8 10.8 
19238 .. 14.6 9.0 9.9 12.6 12.0 13.4 
pe |e! 10.1 10.0 9.9 11.3 
1921 . . 14.0 9.2 9.4 10.9 10.4 
1920 . . 14.0 8.9 10.9 10.7 
BS 10.0 10.8 11.5 
« 38.8 12.2 9.5 10.1 
» Ba 12.5 9.3 10.2 
1916. . 14.4 14.1 9.7 12.0 
13.5 9.7 11.6 
wi... MA 12.4 7.9 11.5 
lw BSD 11.7 9.5 0.7 
. 18.8 11.5 7.4 9.5 
10.8 7.5 9.3 
1910 . . 138.6 7.9 8.8 
Females: 
1931 18.2 18.7 23.3 
1930 20.8 10.8 13.8 20.2 23.1 
1929 20.8 an.8 15.9 18.7 22.8 
1928 21.2 10.1 15.1 13.4 21.0 15.0 
1927 19.2 10.1 17.0 15.6 20.1 
1926 19.5 9.1 14.3 14.2 19.8 
1925 18.3 9.4 13.9 16.1 18.8 
1924 18.0 8.9 13.7 18.1 
1923 19.1 9.4 14.5 15.8 17.8 14.3 
1922 20.1 9.7 14.7 15.7 16.7 
1921 18.2 8.9 13.7 16.2 15.0 
1920 17.3 8.6 12.1 14.6 
1919 15.6 8.6 13.7 13.6 
1918 16.3 7.9 13.6 11.2 
1917 17.4 8.5 12.9 15.1 
1916 17.9 10.2 11.1 15.1 
1915 19.2 10.7 14.5 
1914 17.4 10.6 11.1 13.1 
1913 16.2 10.3 10.8 13.4 
1912 15.7 9.4 11.5 12.6 
1911 15.4 9.2 11.0 13.2 
1910 15.7 11.2 


* Standardized. 
T Registration States of 1920 in 1920 to 1931 and Expanding Registration Area 
1910 to 1919. White persons only, 1920 to 1931. 


to those over 60; among women, to those over 50. Among children 
and young adults, however, there has been definite and substantial 
improvement in the diabetes death rate. This phenomenon is not 
limited to the United States, but is found in other countries for 
which we have data. It will be of interest to see the extent of these 
changes in the several populations, and we shall first concern our- 


selves with the experience on insured lives. This is given in detail 
in Chart V. 
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Improvement in Diabetes Mortality Among Children. 


The first 
striking feature of this insurance experience is the large decline in 
the diabetes mortality of young persons. This is most interesting 
and significant, because it seems to be a direct result of improvement 


DEATH RATES 
PER 100,000 MALES FEMALES 
320 320 
300 300 
280 280 
a 
260 260 
240 240 
A) 
220 S 220 
200 200 
180 3 \ 180 
§ \ 65-74 
160 1160 
4 RL] 
120 and 120 
g / 
65-74 
80F 80 
\ a's» 
45-54 
ao ao 
12h 
A 
a 5-24 | | Wa 
1920 1925 1932 19 1915 1920 1925 1932 


Cuart V.—Sex and age trends in diabetes among white persons, Metropolitan Life 


Insurance Company, Industrial Department, 1911-1932. 


ib 

i 

i 

is 

| 
if 

i 

if 

i 

i 
4 


STUDIES IN DIABETES MELLITUS 769 


in the treatment of diabetes by the use of insulin. Prior to its dis- 
covery the trend of diabetes was upward among children and young 
people. Following immediately upon the inauguration of insulin 
treatment, the death rate among white males at ages under 25 
dropped from 4.0 in 1922, to 3.0 in 1923, and among white females, 
from 3.7 to 2.0. Subsequently the death rate has fallen still further 
among young males, and in several years has been under 2.0. Among 
young females, the death rate has dropped below this figure only 
once, but it has remained distinctly below the pre-insulin level. 

Over the long term the extent of this change among young 
people is very large. In the 8-year period, 1923-1930, the mean 
rate of males under 25 was only 2.3—a decrease of 34.3 per cent 
from the average rate of 3.5 which prevailed in the 12 years preced- 
ing the introduction of insulin. Among young females, the drop was 
little less, amounting to 31.3 per cent for the same period. 

Diabetes Mortality in Early Adult Life. Here also, there has 
been marked improvement in the mortality from diabetes, particu- 
larly since the discovery of insulin. Prior to 1922, the death rate 
among white men between the ages of 25 and 44 had fluctuated 
with a slightly downward tendency around a mean of 8.2. From 
this level it has fallen considerably in the years 1924 to 1930 to only 
5.2 among these insured men, or 36.6 below the level prevailing in 
the 12-year period ending in 1922. Although there has been a 
slight upward tendency in their mortality in very recent years, the 
present death rates of men at these ages are still far below those 
prevailing a decade ago. 

Among white women, the improvement in the death rate at 
ages 25 to 44 is less than among men. In the period from 1924 to 
1930, the mean rate at these ages was 5.7, a drop of 16.2 per cent 
from the level prevailing in the period 1911 to 1922. This improve- 
ment is less than half that of males at these ages. The tendency 
of the death rates among these younger women in the insulin period 
has, however, been downward and the rate of fall is about the same 
as that among men at the same ages. 

Diabetes in Middle Life and Old Age. Among persons in middle 
life there has been little if any rise in the death rate of men, but a 
distinct rise among women. In old age, however, there has been 
a very sharp advance in the mortality for both sexes, but here, too, 
women have suffered more than men. Taking the age group 45 to 74 
as a whole, the mortality of white men in our insured group has 
risen in the two decades ending in 1930 at a rate of 0.43 deaths per 
annum, and of white women, 1.85. Compared with the average 
diabetes death rate for the whole period, these figures correspond 
to an annual increase of 0.8 per cent for men and 2.0 per cent for 
women. 

These differences in the rates of change of the diabetes death rate 
between the various sex and age groups have resulted in extremely 
interesting changes in the relative mortality of males, as compared 
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with females. Among these insured persons the mortality of males 
at ages under 45 was formerly 15 per cent in excess of that of 
females, but in the insulin period the male rate has been slightly 
the lower of the two. At ages over 45, the excess of the female 
diabetes death rate over that of males has risen from 70 per cent in 
the period 1911-1922, to 90 per cent in the years 1923-1930. If 
we consider the changes in smaller age groups, we find that at ages 
45 to 54 the excess of the female rate in recent years has been 
70 per cent, whereas formerly it was but 40 per cent; at ages 55 to 
64 nearly 100 per cent, as compared with less than 90 per cent 
formerly; and at ages 65 to 74, 90 per cent, as compared with only 
70 per cent in the earlier years. 

Sex and Age Trends Among Colored Persons. The trends in the 
diabetes mortality of colored persons by sex and age resemble, in 
some ways, the changes that have taken place among white persons. 
Thus, the death rates of colored men and women in old age show 
very striking increases. In the age group 45 to 74, the rate of colored 
men has increased by 0.56 deaths per year in the two decades ending 
in 1930, and among colored females by 3.50 deaths in the same 
period. The rate of increase has been 1.4 per cent per annum among 
the colored men and 5.5 per cent among colored women at these 
ages. These rates of increase are far higher than those recorded for 
white persons. 

There is a distinct difference between the two races in the trends 
of diabetes mortality in childhood and early adult life. In contrast 
to the improvement in young white persons of both sexes, there has: 
actually been an increase in the mortality of young negroes. 

Sex and Age Trends in the United States and Foreign Countries 
Compared. We have observed that the essential features of change 
in diabetes mortality are characteristic not only of the mortality in 
the general population of this country, but of foreign countries as well. 
There are, of course, differences in detail in the situation in the 
various countries of the world. For example, the rates of change 
in the death rates in the specific sex and age groups are not the same 
everywhere. Again, among insured wage earners in this country, 
the mortality from diabetes is rising in women past 50, and in men 
past 60, but in the general population of this and other countries, 
the initial age at which this rise begins differs by a few years at 
least, in various places. Apart from these minor differences, how- 
ever, the picture is everywhere very much the same. 

To show this situation in all its detail would require considerable 
space. It will suffice, however, to give a few examples which will 
illustrate this clearly. In Table 7, we show changes in the death 
rate by sex and age in the period 1926 to 1930, as compared with the 
3 pre-insulin years, 1920 to 1922* for several areas. 

Let us first review the situation among males. The table shows 


* In Denmark and New Zealand, comparison is made between 1926-1930 and 
1921-1925. 
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that in none of the areas surveyed are the diabetes death rates in 
1926 to 1930 higher than the rates in pre-insulin years until late 
middle life is reached, and in some countries this improvement 
extends well into old age. In the general population of this country 
and in England and Wales, the diabetes death rates in 1926 to 1930 
are lower at every age up to 55 than in 1920 to 1922, and in Scotland, 
Denmark and New Zealand lower at every age up to 65. The extent 
of this decline at some ages is very large indeed, reaching beyond 
or approaching 40 per cent in several of the areas. An increase in 
the diabetes mortality of men is first noted in the age group 55 to 64 
in the general population of this country and in England and Wales. 
The rise at these ages is, however, very moderate. Past age 65, 
the increases are quite large and are particularly significant, because 
the diabetes death rates reach their maximum at these ages. In 
Denmark and New Zealand there has been only a moderate rise 
in the death rate of men between 65 and 74 during the last decade, 
but a very distinct one after age 75. 

TABLE 7.—TRENDS IN DIABETES MORTALITY IN THE UNITED STATES AND CERTAIN 

ForEIGN COUNTRIES. 
(Percentage Change in the Death Rates Between 1920-1922 and 1926-1930). 


Per cent increase (+) or decrease (—) between 1926-1930 and 1920-1922. 


Age and sex. Metropol. 


Dep't. 

Males: 
Under 15 —14.3 | —33.3 —29.0 
25-34 —42.3 | —48.5 | —38.3] —57.7| }—55.6| -—27.8 
35-44. -27.5 | —34.1 | -33.3| —38.7 | | —84.1 
ah... .| | -29.3| -24.8| -19.6| — 8.3 
55-64 . . .| 414.8 | +4.2 | -13.7| —9.6| —18.8 
65-74 . ...| 425.5 |° 419.2 | +24.8/ 417.7| 411.1 
7andover. .| ** | 420.5 | +40.0) +32.7| +26.8| +68.7 

Females: | 
Under 15 | —31.3| —50.0| —47.4 | 
~ }-34.23 | —34.3| —35.1 | \-36.0 
—35.7 | —33.3 | —27.1 | }-44.2 +32.1 
-10.6 | —24.2| + 9.4 —39.2 
63 +15.1 | 4+25.4| +22.3| +4+22.6| — 7.6 
65-74 +37.5 +31.1 +46.2 | +36.6| 420.5) + 1.5 
75 andover. . | 483.1 | +70.3| +73.3! +440.8| —19.2 


* Between 1926-1930 and 1921-1925. 

+ U.S. Registration States of 1920. 

Standardized. 
** Rates not significant because of small population. 


The table also shows that in the case of females in most countries 
the diabetes death rates in more recent years are lower than in pre- 
insulin years at every age up to 50. Among females in this country 
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and in England, there has been measurable improvement in the 

rates up to age 45, and a slight fall between ages 45 and 54. In 
Denmark, substantial improvement is found at all ages up to 55. 
In Scotland, however, there is already an appreciable increase in the 
rate in the broad age group 35 to 54. After age 55 recent death 
rates are distinctly higher than a decade ago in every country 
surveyed with the exception of New Zealand. In practically every 
instance, the later the age, the greater has been the increase in the 
mortality from diabetes. The most striking increases are those of 
over 70 per cent in England and Wales, and in Scotland among women 
past 75 years of age. In passing, attention may be called to the 
situation in New Zealand where there has been an increase in the 
rate among older males, but not among older females. In that 
country, however, the rates of females reached a high level much 
earlier than in most countries, and present rates of women are still 
much higher than among men. 

This table also brings out in very striking fashion two essential 
features of the changing situation in diabetes; first, that the de- 
creases in the rates of males extend over a larger part of life 
than is the case with females and, for the most part, are propor- 
tionately greater than the declines among females; and, secondly, 
that diabetes mortality not only begins to increase at an earlier 
age among females, but these increases are much larger than occur 
among males. 

Summary. Analysis of available mortality data on diabetes in 
this country and abroad during the present century brings out these 
main features. 

1. Diabetes as a cause of death has been rapidly growing in 
importance during the present century and is now one of the leading 
causes of death in this country. 

2. The mortality from diabetes in this country is higher than in 
other parts of the world. 

3. Diabetes death rates are increasing all over the world. 

4. Most of the deaths from diabetes occur after middle life. 
Among children and young adults, the mortality from the disease is 
low. It begins to loom large about age 40 and the rise in the death 
rates by age thereafter is rapid. 

5. Up to age 35 present death rates of males and females are little 
different, but after that age the rates of women are the higher. This 
excess of the female death rate increases with advancing age up to 
65, when it is about twice that of males. 

6. The high diabetes mortality in this country, as compared to 
other countries is not limited to one sex, but is found among both 
menand women. It isalso found to exist at almost every age past 35. 

7. The diabetes mortality among negroes in this country has 
been increasing at a more rapid rate than among whites, and is now 
not much lower than that of whites. 
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8. The diabetes mortality of negroes is distinguished by relatively 
higher death rates in early adult and middle life. 

9. At all ages combined, the trends in diabetes death rates over 
the past two decades among males in this country and England 
have been slightly downward, although there has been a tendency 
in recent years for these rates to increase. In most other countries, 
there has been a moderate increase in the long-term trends of mor- 
tality from the disease. Among females, however, there has been a 
substantial rise in diabetes mortality, both in this country and 
abroad. 

10. Analysis of death rates by age, however, shows that in child- 
hood and in early adult life there has been distinct improvement 
both among males and females. In the case of men, this improve- 
ment extends right through middle life and into the early part of 
old age. Among women, improvement ceases by age 50 and there 
are substantial increases in the death rates during late middle life 
and throughout old age. 

This analysis of the diabetes situation in this country and abroad 
clearly indicates that the problem of its increasing mortality is 
circumscribed. It is one of controlling the disease in older people, 
chiefly in women. The increase in diabetes is thrown into sharp 
relief because it is just these groups which are increasing most 
rapidly in our population. On the other hand, it is certain that 
there has been a substantial growth in the incidence of diabetes 
throughout the world. We are forced to this conclusion because 
the mortality from diabetes has been increasing in the face of un- 
mistakable improvement in the treatment of the disease. In our 
next paper, we shall concern ourselves with this matter of the 
incidence of the disease and the various factors which, on the one 
hand, make for increasing mortality and also those which tend to 
moderate it. 


NOTE ON THE PRESENCE OF GASTRIC ACIDITY IN MULTIPLE 
SCLEROSIS. 


By O. H. Perry Pepprr, M.D., 


PROFESSOR OF CLINICAL MEDICINE, 
AND 


GrorGcE Witson, M.D., 


PROFESSOR OF CLINICAL NEUROLOGY, 
PHILADELPHIA. 


(From the Philadelphia General Hospital and the School of Medicine of the 
University of Pennsylvania.) 


MULTIPLE sclerosis remains a disease of unknown etiology 
despite extensive investigations along many lines. The literature 
recording these has been summed up by the Association for Research 
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in Nervous and Mental Disease.! No mention, however, is made 
of the findings by gastric analysis in this condition. 

There are certain reasons why such data should be available. 
Not only is it needed for completeness of the study but also because 


of various analogies which exist between multiple sclerosis and the 
syndrome of Addisonian anemia, posterolateral sclerosis and gastric 
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Fig. 1.—Total acidity of gastric contents in multiple sclerosis. 
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anacidity. These analogies do not need to be fully discussed here 
and it will suffice to point out the great frequency of remissions in 
both, the unknown etiology, the age and sex incidence, the occa- 
sional familial occurrence, and the occasional relationship to infec- 
tion and to pregnancy. 

In addition the nervous system involvement presents points of 
resemblance not only in the areas involved but also in the sclerotic 
nature of the process and to some extent in its vascular distribution. 

Our attention was directed to this subject by the finding of anacid- 
ity in a patient with undoubted multiple sclerosis in whom no com- 
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Fig. 2.—Free hydrochloric acid of gastric contents in multiple sclerosis. 
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plication likely to cause anacidity could be discovered. Of course 
such a finding in a single case is of little or no importance, as anacid- 
ity occurs in a great number of individuals not only in the presence 
of a variety of diseases, but even in persons apparently healthy. 
However, it seemed desirable to study this matter in a series of 
cases of multiple sclerosis and our findings are here reported in order 
to place these data on record. 

The patients whose gastric acid curves are herewith recorded 
fulfill all of the requirements for a diagnosis of multiple sclerosis 
even of the most exacting diagnostician, and it is extremely doubtful 
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if fault could honestly be found with any of the cases from a classi- 
fication standpoint. The usual Ewald meal was used. 

Comment. It will be seen from an analysis of the curves, that 
free hydrochloric acid occurred in all cases, and in good amount. 
The original case which prompted the investigation was the only 
one in which free HC] was absent. 


REFERENCE. 
1. Multiple sclerosis (disseminated sclerosis) an investigation by the Association 


for Research in Nervous and Mental Diseases. Edited by C. L. Dana, S. E. Jeliffe 
and H. A. Riley, New York, P. B. Hoeber, Inc., 1922. 


THE STRUCTURE AND FUNCTION OF FILAMENTS PRODUCED 
BY LIVING RED CORPUSCLES.' 


By Joun Aver, M.D., 


ST. LOUIS, MO. 


(From the Department of Pharmacology of St. Louis University School of 
Medicine.) 


PecuLiaR filaments that converted normal, living red corpuscles 


into microcytes in hanging drop preparations were mentioned in a 
former paper;? in the present paper the origin, structure and func- 
tion of these filaments will be described for the first time. This 
account gives the result of continuous observation of selected fila- 
ments, and the progression of changes was each directly seen in one 
filament-bearing red corpuscle. 


Literature. These filaments are not described in the various reviews 
and a search of the literature yielded only the article of Kite.’ Kite studied 
the living blood cells and paid special attention to those of frog, rabbit and 
man. The blood was diluted with Ringer’s solution containing hirudin, or 
citrate or oxalate was added. His slides were apparently the ordinary 
sealed coverslip type. Kite describes as many as 15 short, rapidly moving 
“processes”’ in one focal plane on a human erythrocyte, and remarks that 
“occasionally a long process is completely retracted in much less than a 
second”’ (p. 337); he does not mention any changes in form of the motile 
processes, nor does he record any deformation of red corpuscles produced 
by their activity. 

Filament-like structures have been seen in sickle-cell anemia.‘ In this 
complex, many of the red corpuscles are crescentic or sickle-shaped and 
such cells were first observed by Herrick.’ Emmel* and others saw “long, 
tapering, hairlike processes” of ‘elliptical, spindle-shaped and sickle- 
shaped red corpuscles;’’ Diggs’ pictures some typical spindle-shaped red 
corpuscles with filament-like prolongations. Though none of the investi- 
gators describe any motility of these processes and though none have seen 
any causal relationship between them and the form of the corpuscle, yet 
it seems quite probable that the hairlike processes in sickle-cell anemia 
are identical with the filaments of normal blood described in this paper. 
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Structures that are possibly derived from the filaments described here 
have recently been reported by Edelmann’ who saw actively motile, round, 
oval or dumbbell-shaped bodies measuring 1 to 2 u in diluted citrated or 
heparinized blood of normal and pathologic human cases. Their activity 
persisted at times for days and was strong enough to move red corpuscles. 
Edelmann is inclined to attribute an important réle in coagulation to these 
“ Kinetocytes.” 

Technique.2 The living red blood corpuscles were studied in the periph- 
ery of broad-based hanging drops and occasionally in ordinary, sealed cover- 
slip preparations. Stained preparations were carefully avoided because 
the main object of this work was to see the filaments in action; furthermore 
it was felt that a study of the living, original text is always more wholesome 
than a study of the understatements, overstatements and interpolations 
of a dead translation. It may be remarked that the unbalanced routine 
of examining blood only as a seductively painted, coagulated corpse perhaps 
explains why many of the observations set down here were not seen before. 

Blood was obtained from man, dog, rabbit, guinea pig and frog; the 
donors were apparently normal unless the opposite is stated. Coagulation 


was allowed to occur spontaneously, or was modified or prevented by 7 


sodium oxalate, hirudin or heparin. 

The optical equipment has been described before;? in the present study 
a Zeiss cardioid condenser with the iris-objective X No. 60 was used for 
dark-field work. Several permanent light filters* were of service in bright- 
field work and various solutions were employed. 

Most of the examinations were made with polarized light. In order to 
determine whether or not a structure was doubly refractile, the nicols were 
permanently crossed and the centered stage rotated through 360°. The 
gypsum plate R. I. was always used. The polarizing outfit was the Zeiss 
III set. 


Observations. 7'he Filament. After preparing a hanging drop, 
an examination of its thin peripheral border sooner or later shows 
an area where some, or many, or most of the red corpuscles have 
been distorted into a spindle (Fig. 1). This may occur within 2 
minutes after obtaining the blood, and may continue to be observable 
for 24 hours and longer in different areas. Careful observation of 
these spindles shows round, tapering filaments extending from their 
apices. These filaments are moderately refractile, isotropic, homo- 
geneous, clean-cut in outline and are thickest at their corpuscular 
origin; they look like colorless prolongations of the surface-layer 
of the red cell and their delicate distal end may be attached to 
another corpuscle, to a blood shadow (Fig. 50), to a platelet, to the 
edge of the drop or it may become invisible before any attachment 
is seen (Fig. 1). Their thickness near or at the corpuscle appears 
to be approximately 0.25 y; their visible length fluctuates between 
less than 5 uw and 75 yu; if more than one filament issues from a 
corpuscle, then the length of each one is different. The number 
of filaments on a corpuscle varies from 1 to 5, but 2 are most fre- 
quent. The visibility of the filament differs at different times and 
disappearance and reappearance may be noted repeatedly in the 


* For the stock filter-solutions, I am indebted to the kindness of Sister M. 
Aloyse Ellingson, Ph.D., who devised and made them. 
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same filament (Figs. 26, 27, 28). ‘The filaments generally lie in a 
radial direction with reference to the blood drop, or at right angles 
to such a radius. When 2 filaments are present, these are usually 
located at opposite sides of the corpuscle (Fig. 1); if more than 2 
are found, they too are often equally spaced along the circumference 
(Figs. 8, 9); regular spacing, however, is by no means invariable 
(Figs. 50, 51, 55). No filaments were ever seen arising definitely 
from the flattened surfaces of a corpuscle or microcyte; they were 
always attached to the rounded sides (Fig. 12). When multiple 
anchored filaments exerted traction upon a corpuscle, then their 
pull was usually in a plane parallel to the surface of the coverslip. 
Filaments were seen issuing from round, oval, crumpled and cre- 
nated red corpuscles; from smooth microcytes and from microcytes 


LEGENDS Figs. 1 To 25. 


The accuracy of the measurements is roughly within 0.34; no measurements 
could be made when the changes in the corpuscles or filament occurred swiftly. 
The number of beads sketched in a chain is arbitrary; they could be counted only 
under exceptional conditions as in Figs. 2 and 38 to 42; the connecting pieces between 
the beads are not drawn. The position of a cell in the different series has been 
occasionally altered in order to save space. : 

It should be observed that the different outline drawings in any one series sketch 
the consecutive changes seen in one and the same cell; the time interval between 
the drawings is recorded in the legend. 


Figs. 1, 2 and 3.—Human, oo’, X3-70; heparin-saline; hanging drop at 3.17 P.M.; 
the changes sketched occurred between 4.11 and 4.20. 

Fies. 4, 5 and 6.—Guinea pig, o’, 620, X3-33; 10.04 a.m., blood from excised 
heart; 10.07, hanging drop, no dilution; 10.25, pear-shaped red, sways on filament 
(Fig. 4); reds do not stick to filament; passing red stretched filament strongly, 
rupture of filament and perfectly round red floated away with a glistening knob on 
periphery (Fig. 5); rolled over (Fig. 6); knob about 0.5 zu. 

Figs. 7 to 11, inclusive.—Guinea pig, o’, 610, X3—24; hemoglobin, 106 per cent 
(Dare). 1.25 p.m., hanging drop, no dilution. The changes sketched (Figs. 7 to 11) 
occurred between 1.29 and 1.30 p.m. For details see Reference 2, page 570, Groups 
D and E. 

Fie. 12.—Guinea pig, o’, 660, X3—37; hemoglobin, 100 per cent (Dare). 2.40 P.m., 
hanging drop, no dilution; 4.12, side view of red with a swaying, non-beaded filament, 
26 uw long (Fig. 12). 

Fig. 13.—Human, o’, X3-71; mixed with heparin-saline. 3.17 p.m., hanging 
drop; 5.05, red corpuscle with 2 refractile globules, lower one at apex of pointed 
pole (page 572, Group F).? 

Figs. 14 to 20, inclusive.—Gray rabbit, o’, 2600, X2—50; hemoglobin, 93 per cent 
(Dare). 9.45 a.m., hanging drop, no dilution; 11.41, pear-shaped cell, no delle 
(Fig. 14); 11.43, filament became beaded part way (Fig. 15); 11.44, beading com- 
pleted, more shortening; oscillates, quivers, hemoglobin normal (Fig. 16); 12.10, 
definite rotation of tip of chain to right, then left (Fig. 17); 12.50, no sign of delle; 
good hemoglobin; tip rotates rapidly right and then left; room temperature, 69° F. 
(Fig. 18); 2.10 to 2.25, no delle; hemoglobin same; rotation more active; occasionally 
a loop seems to travel from tip of chain to red corpuscle and then back (Fig. 19); 
2.25 to 4.18 p.m., chain is very supple, loops travel to tip, then to corpuscle; 4.25, 
disintegrates into separate, slightly refractile rounded masses, motionless; globule 
liberated suddenly; shows a delle (Fig. 20). 

Figs. 21 to 25, inclusive.—Human, o', X3-68; hemoglobin, 90 per cent (esti- 
mated). 3.14 p.m., finger pricked through drop of saline; 3.15, spindle cells present. 
Transformations observed and sketched after 20 hours; occurred within 15 minutes; 
temperature, 72° F. 

A similar untwisting of another filament was seen 26 minutes after preparing the 
hanging drop. 
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studded with delicate spicules; from blood shadows and from plate- 
lets. Fine filamentous projections were also occasionally seen on 
leukocytes, but these differed from the filaments of red corpuscles 
in refractility, in motility and did not exhibit typical transforma- 
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Figs. 1 to 25. 
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tions. Leukocytes, however, were studied only incidentally when 
pseudopodal activity of especial beauty arrested the attention. 

Dark-field illumination cannot be used with hanging drop prepara- 
tions because an air space lies between the dark-field condenser 
and the slide, and therefore sealed, fresh blood films must be em- 
ployed. Such film preparations were disappointing, for in 13 tests 
of normal human and guinea-pig blood, I only once obtained a 
fairly satisfactory slide with motile filaments. All these films were 
studied continuously for 3 to 4 tedious hours, both under bright- 
field and dark-field conditions; then they were reéxamined 20 to 
24 hours later for 4 to 4 hours. 

Activity and Mutations of the Filament. Interesting changes will 
be seen if selected corpuscles and their filaments are continuously 
observed. These filaments may at first be short and without visible 
peripheral fixation; gradually more of one or the other filament 
appears, or originally invisible filaments come into view and in 
association with these changes the corpuscular form is distorted. 
These alterations of form may occur abruptly or slowly and con- 
tinuously (Figs. 7 to 11; 50 to 60). Associated with the changes in 
form, the filament near the corpuscle becomes thicker and less clear 
in outline. In this lower, slightly fuzzy section, transitory diagonal 
striations may be seen. These striations have an angle of less than 
45°, run roughly from 8 to 2 o’clock or from 4 to 10 o’clock and 
resemble the thread of a right or a left screw. The striations appear 
and disappear, and the same filament may at one time show a right- 
handed and at another a left-handed striation. I was never able 
to decide whether or no the direction of striation was the same at 
any one time in the two filaments of a spindle. The filaments are 
remarkably elastic; they are stretched by passing corpuscles or 
by the lashings of filarize, and then return to their former length. 
They may be stretched beyond their elastic limit and then one or 
both filaments tear. This rupture generally takes place in the 
periphery. If only one filament tears, then the spindle corpuscle 
changes into a pear-shaped structure which often darts across the 
field, apex in advance, toward the anchorage of its intact filament, 
while the torn filament rolls up instantaneously into a refractile, 
globular mass that comes to rest on the rounded edge of the corpuscle. 
The exact site of attachment of the globule was seen when a cor- 
puscle rolled over; for example (Figs. 4, 5, 6) an originally pear- 
shaped corpuscle recoiled into a disk when the filament broke, and 
then turned on its side exhibiting the coiled filament as a ball 
perched at the junction of a concave surface with the rounded lateral 
side; in another example, a filament 26 » long was attached to the 
middle of the lateral surface of a biconcave blood disk (Fig. 12). 
That the other, intact filament still exerts a pull is betrayed by the 
conical tip of the corpuscle where the filament arises; in addition 
this intact filament, which is rotating rapidly on its long axis, may 
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exhibit a series of open traveling loops that sway rapidly from side 
to side and occasionally a closed loop may run from the corpuscle 
to the periphery and then back again. When both filaments tear, 
each may roll up abruptly into a globular mass that comes to rest 
on the edge of the corpuscle (Fig. 13). These globular masses may 
be motionless after their formation; one or the other may show a 
quivering rotating movement and may even separate partially 
into two divisions; or they may change their position relative to 
each other on the periphery of the corpuscle. In older blood prepara- 
tion the globules may appear on one of the flattened surfaces of the 
red cell. Their diameter seems to vary between 0.3 to 0.8 u. The 
larger globules are generally less refractile than the smaller. 

Instead of changing into a globule, one or both of the filaments 
may shorten and thicken during a period of minutes and become 
more refractile; the outline remains sharp but a nodular thickening 
may slowly appear at each end thus forming a dumbbell (Figs. 
1, 2, 3). Such a rod may be apparently motionless; it may bend 
stiffly, swaying from side to side and maintain the same point of 
fixation; or it may exhibit a general fine quiver that was definitely 
referable to a rapid rotation around its long axis. Occasionally 
the end of such a rod may be terminated by a long, thin thread that 
undulates, twists and even lashes in all directions. The tip of such 
a thread describes circles, ovals and figures-of-eight, and rotates 
at one time to the right and at another to the left. The rods them- 
selves now and then exhibit transitory, faint, diagonal striations on 
a portion of their length. 

Another remarkable and frequently observed change is the con- 
version of a filament into a chain of refractile beads. This may be 
preceded by a period of increased undulatory swaying, by a general 
tremor, or the filament may be apparently motionless. Suddenly 
the observer notes a series of slight rhythmical twitches, and with 
each twitch the filaments shortens and a spherical bead appears, 
each bead separated from its neighbor by a short and equal length 
of filament. The beads form separately, beginning in the periphery. 
The entire filament may be converted into a chain of beads within 
1 second, or several minutes pass slowly before the beading has 
reached the corpuscle. At other times the process pauses tempor- 
arily after one-half to two-thirds of the filament has been turned 
into beads, but sooner or later it begins again and the remaining 
section becomes beaded; here again the first bead appears in the 
periphery of the unchanged section and proceeds to the corpuscle 
(Figs. 14, 15, 16). The shortening of the filament is chiefly caused 
by the beading, aided perhaps at times by some thickening of the 
interglobular sections; in some cases, however, the sections connect- 
ing the beads may be exceedingly thin (Fig. 39). 

When a filament tears away partly or completely from its periph- 
eral anchorage, it may shorten but slowly and remain for a consider- 
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able period attached to the corpuscle as a long, actively twisting 
flagellum-like structure. The motility is strong enough to shake 
adjacent corpuscles as well as the parent corpuscle itself. In num- 
bers of instances the peculiar quiver of a corpuscle and the irregular 
tremor of its neighbors betrayed the presence of filaments that 
became visible only upon careful search. In a corpuscle with several 
filaments, various stages of shortening may be seen: thus a cre- 
nated red corpuscle displayed at one time a chain of beads, a refrac- 
tile rod, a refractile globule and two actively lashing and squirming 
long filaments. 

The beads are moderately refractile, apparently homogeneous, 
round, measure about 0.3 to 0.4 uw in diameter and are equally 
spaced on the filament; they are apparently not doubly refractile 
when examined by polarized light. After its formation, the chain of 
beads may extend motionless from the periphery of a red corpuscle; 
it may sway and undulate stiffly; it may execute extremely lively 
movements, or all these reactions appear at different times. If 
the movements are lively, then the chain rotates, squirms, sways 
and may form traveling loops, the whole moving as a supple unit in 
all planes (Fig. 40). The terminal bead may be observed rotating 
occasionally to the right and at other times to the left. At times, 
a terminal bead or beads may be twisted off from the parent string 
during inspection; such a bead or group of beads then reels about 
for a variable period, and the single beads resemble a particularly 
active bit of blood dust (Figs. 40, 41, 42, 43). 

Chains of spindle red corpuscles frequently occur where each one 
is linked to its mates by a filament of varying length. These con- 
necting filaments lengthen and shorten, but shortening predomi- 
nates so that finally the spindles are connected by short, thickened 
refractile rods which may be immobile or exhibit a fine, almost imper- 
ceptible quiver. The terminal filaments of the chain may be longer 
than the other connecting pieces. Sooner or later, one or the other 
terminal filament breaks and exhibits some, or many, or all of the 
changes described above. In one instance, upon rupture of a ter- 
minal filament in a lengthy chain of spindle corpuscles, the cells 
were seen rearranging themselves almost instantaneously into a 
typical rouleau; in this rouleau there was no sign of any filament, 
nor were refractile globules detectable. 

There is evidence that the filament issues through a short pro- 
longation of the surface layer. In some cases where the anchoring 
filaments ruptured simultaneously at the corpuscle, that corpuscle 
condensed into a microcyte and the former sites of the filaments 
were now occupied by stubby, pigmented plugs with square ends 
(Fig. 10). These plugs had the same dense hemoglobin tint as the 
microcyte itself, and disappeared rather promptly. In one case the 
process of disappearing was slower and there it was seen that the 
plugs were tubes. 
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Structure of the Filament. The filaments are composed of fine 
fibrils twisted around each other like the strands of a rope. This 
may be readily seen if filaments are carefully observed. It may be 
noted that a particular filament is suddenly shaken by a slight jolt 
and that coincident with this jolt a newly formed, small refractile 
pellet appears that swings around the main filament. Close inspec- 
tion shows the pellet to be connected with the filament by a tenuous, 
barely perceptible fibril. Further observation shows that the pellet 
revolves around the parent filament with increasing amplitude of 
swing until it finally rotates on its own pedicle from the base of the 
filament (Figs. 21 to 24). After a while, the pellet or pellets, for 
several may be formed, may again twist their stalks around the 
main filament and finally produce an appearance that is almost 
identical with the one seen at the start (Figs. 21, 25). The time 
consumed was 10 to 15 minutes in one instance. The maximum 
number of pellets ever developed from one filament was five 
(Figs. 21 to 25). 

Further evidence that a filament is composed of twisted fibrils 
is furnished by the behavior of free filaments in oxalated blood. In 
an alkaline medium, the unattached rod may slowly swell, rotate, 
and separate into several distinct strands. In one case, the end of the 
filament rotated and separated into three components revealing a 
left twist. 

Each of the fibrils is composed of still finer, invisible subdivisions. 
Such invisible subfibrils are readily detected by their effect upon the 
attached corpuscle. For example, a red corpuscle is seen changing 
slowly to a spindle and yet the most careful examination may fail 
to detect any cause until gradually two filaments appear that are 
attached one to each apex of the spindle. Even after the filaments 
become visible, they may seem to end free in the serum and yet the 
spindle corpuscle may be rotated on its long axis, thus demonstra- 
ting that the filaments are anchored and that their peripheral 
sections are composed of invisible subfibrils (Figs. 26 to 30). 

Further evidence is furnished by the persistence of a nipple on a 
red corpuscle whose filament has rolled up into a ball (Fig. 13). If 
all subfibrils have been torn, or if too few subfibrils remain to distort 
the indicator cells by their pull, then the corpuscular surface will 
round out to its normal contour and this is shown by the rolled- 
up filament at the upper pole of Figure 13. If, however, a pointed 
nipple remains, then invisible subfibrils must still be present in 
sufficient number to overcome the tension of the surface layer and 
stroma of the red corpuscle; this is shown by the lower pole of 
Figure 13. 

Another piece of evidence is revealed by the observation that 
polyangular corpuscles are shaken at times by a twitch and with 
each twitch one of the angles of the corpuscle rounds out; a globule 
may or may not appear at the site of the former angle. Here the 
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invisible anchoring subfibrils apparently broke and permitted the 
corpuscle to resume a more normal shape. 

The filaments are not sticky: red corpuscles swept against them 
by a local current do not adhere even momentarily. Nor does the 
filament stick to the surface of its own corpuscle when the latter 
has rolled over a section of the filament; such corpuscles were 
smoothly rolled back by the shortening filament. The fibrils also 
do not stick together (Figs. 21 to 25). It seems probable that the 
invisible subfibrils too are not sticky. 

Filaments may disappear and yet some of their invisible sub- 
fibrils apparently remain present; this is indicated by the reappear- 
ance of visible filaments that had disappeared, and by the reéstab- 
lishment of a former contour (Figs. 50 to 55). 

That the filaments rotate around their long axis, producing a 
twisted, stranded arrangement of the fibrils, has already been men- 
tioned and some evidence sketched in Figures 21 to 25; furthermore, 
the diagonal striation of their basal portions indicates a left or a 
right twist and it has also been noted that the chain of beads rotates 
to the right and then to the left. The best evidence, however, for 
rotation of the filaments is again supplied by the red corpuscle: 
these are frequently suspended between two filaments and such 
corpuscles may be seen rotating on their long axis so that a view on 
the flat changes to a view on edge and back again (Figs. 26 to 34). 


LEGENDS Fias. 26 To 49. 


Figs. 26 to 34, inclusive-—Dog, o&, X2-135; hemoglobin, 80 per cent (Dare). 
Filarie present; sensitized with horse serum subcutaneously. 2.12 p.m., hanging 
drop, no addition; 2.20, spindle cell, long filaments (Fig. 26); lower filament no 
longer visible; becoming narrower (Fig. 27); 2.23, gradually becomes wider again, 
moves slightly upward in field, lower filament visible (Fig. 28); becoming narrower 
(Fig. 29); 2.27, again widens, typical spindle; lower filament shorter (Fig. 30); 
becomes narrower with folds, left twist (Fig. 31); 2.29, has changed back to spindle 
form (Fig. 32); 2.30, again narrow with single fold in body (right twist) (Fig. 33); 
2.31, changes to typical spindle; lower filament not visible (Fig. 34). 

Figs. 35 to 43, inclusive.—Human, o’, X2-100; hemoglobin, 85 to 90 per cent 


(estimated). 2.29 p.m., hanging drop with = sodium oxalate; 3.18, 2 reds linked 


together by a refractile filament bar; lower red with marked delle and single globule 
on periphery; hemoglobin good in both; bar motionless (Fig. 35); 3.21, bar sways, 
rotates, outline smooth; 3.25, upper filament disappeared; bar very refractile; appears 
motionless (Fig. 36) ; 3.37, connecting bar again sways, rotates, looks faintly striated 
at times; ends of bar slightly knobbed (Fig. 37); 3.50, bar twisting and squirming 
actively; 3.57, bar changed into a beaded chain (Fig. 38); 3.573, chain separates 
from upper red during inspection; vibrates actively (Fig. 39); 3.59, chain rolls about 
actively (Fig. 40) ; 4.02, upper red shows no delle; lower red round with strong delle; 
beads vibrate, twist, roll up actively into a ball and straighten again (Fig. 41); 
4.06, beads connected by a very fine thread; 4.08, chain broke away from red cor- 
puscle (Fig. 42); 4.11, free section sways, quivers, rotates to right, then to the left, 
tumbles about (Fig. 43). 

Fias. 44 to 49, inclusive.—Human, co’, X3-67. 3.14 p.m., hanging drop; finger 
pricked through drop of saline; 3.15, spindle cells frequent; darting across field, 
filament changing to refractile globules; 3.40, free filaments, motionless or actively 
twisting; on thickening become motionless; 3.50 to 4.15, spindle red showed changes 
sketched in Figs. 44 to 49, inclusive. 
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The direction of rotation of the corpuscle may be determined when the 
rotating action of the filaments produce folds in the corpuscle: in Fig. 31 a 
left-handed twist is shown, while Fig. 33 exhibits a right-handed one. The 
twist of the corpuscle, however, merely indicates that its polar ends are 


Fias. 26 to 49. 
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being rotated at unequal rates by the filaments and gives no information 
about the direction of rotation of the filaments themselves. Thus the left 
twist of Fig. 31 could be produced by a left-handed rotation of the upper 
filament, accompanied by a right-handed rotation of the lower filament; 
but the same effect would appear if both filaments rotated at unequal 
speeds to the right, the lower filament traveling faster than the upper one; 
another possibility is that both are rotating to the left with the upper fila- 
ment moving faster than the lower one. If the speed and direction of 
rotation is the same and if both filaments exert the same twisting effect 
upon a corpuscle free to rotate, then no folds will be produced and a view 
on the flat of the corpuscle will change smoothly into one on edge (Figs. 26 
to 29). Herrick perhaps saw the formation of folds in fresh blood of sickle 
cell anemia; he describes red corpuscles “rolled up as it were into a long 
narrow bundle”’ (p. 519°). 

The degree of rotation suffered by the corpuscle is difficult to determine: 
Figs. 26 to 30 may show a complete revolution of 360°, or the same appear- 
ance could be produced by a turn of 90° in one direction followed by a 90° 
turn in the opposite direction. Similarly, Figs. 30 to 32 may mean a turn 
of oo the right, or a 90° turn to the right followed by a turn of 90° 
to the left. 


Throughout the rotations sketched in Figs. 26 to 34, the corpuscles 
moved only once and that was slight, in an upward direction, and 
the upper filament shortened at the same time; the length of the 
spindle remained the same throughout the 10-minute period and 
the only change noted was a temporary increase in hemoglobin 
density while the corpuscle was on edge. These facts indicate that 
the undoubted rotation of the filaments caused no marked com- 
pression and loss of content of the corpuscle and that the com- 
pensatory rotation of the corpuscle itself was probably only through 
a 90° arc and then back to its former position. Similar observations 
were made in a specimen of human blood, 24 hours old, where the 
rotations of a spindle were watched for 5 hours; here (X3-109) no 
shortening had occurred after 2 hours, and after 5 hours the long 
diameter had decreased only 2.5 u from its original length of 13 xu. 

Fate of the Filament. The filaments often do not persist after 
their formation. The filament may roll itself into a ball and then 
disappear within 30 minutes or less (Figs. 50 to 53); the ball may 
persist for hours, being visible even after the corpuscle has laked, 
or it may uncoil itself again into a filament. Whether or no the 
ball was dissolved by the serum or by the corpuscle, or by both, 
could not be decided. A motile filament may gradually change to a 
linear, club-shaped, refractile, immobile mass that finally separates 
from the corpuscle; a series of this type in oxalated guinea-pig blood 
is sketched in Figs. 66 to 70. 

A filament may shorten somewhat and lose its connection with the 
corpuscle. The movements executed now are different; instead 
of moving smoothly and with seeming coérdination, the loose 
filament often rolls, twists and tumbles about, and behaves as if 
several independent foci of activity were present. These erratic 
movements are lively at first, but gradually become slower while 
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the filament itself shortens and thickens irregularly until finally 
a club-shaped, nodular, slightly refractile mass lies motionless in 
the field. Such masses may persist for hours. 

Instead of forming immobile masses, the loose filaments may 
maintain their general shape for a long time. Thus a 24-hour-old 
specimen of human blood diluted with saline-oxalate (X3-66) 
showed many loose filaments with rounded ends that rotated and 
undulated fairly actively; their ends described circles, ovals, and 
apparently rotated alternately to the right and left; occasionally 
faint diagonal striations, either right or left, were visible for a short 
time along their length. Their progress was irregular and they 
seemed to slip sideways as much as they moved forward; in length 
and thickness they varied between 25 by 0.25 uw and 10 by 0.5 u. 
The shorter, thicker filaments in general exhibited only a swaying 
motion and their outline was not as clear-cut as in the more motile 
filaments. Such filaments were observed for 2 hours and no signifi- 
cant change occurred; their ultimate fate is unknown. ‘These 
vermiculoid filaments were probably of the same type that Kite 
described (p. 326). 

When the filament forms a chain of beads, the terminal beads 
may be thrown off during inspection either singly, in groups, or the 
entire chain may separate from the corpuscle (Figs. 40 to 43). The 
loose bead or beads quiver and rotate erratically and resemble blood 
dust. A free chain of beads may become motionless after a time 
while increasing in bulk with decreasing motility and then it may 
disintegrate. This was clearly seen in a filament of normal rabbit 
blood whose transformations had been followed for more than 3 
hours (Figs. 14 to 20); here a motile filament changed to a chain of 
beads and this became an immobile linear, slightly refractile mass 
which separated during inspection into smaller immobile pieces. 


During the final changes just described, an interesting development 
occurred. After the linear mass had formed, one of its ends suddenly 
liberated a small, clear globule which either rose or fell‘ from view. A 
similar observation was made in oxalated rabbit blood 4 hours old: a loose, 
motile filament became immobilized and during observation its middle 
portion swelled and liberated a small globule; here also it was impossible 
to tell whether it rose toward or fell away from the observer. No state- 
ment may be ventured about the nature of these curious globules. 


Reversibility of Changes in the Filament. Some of the prominent 
changes observed in filaments are reversible. Thus a long, actively 
motile filament was seen darting suddenly toward its origin and 
coming to rest as a ball on the rounded border of the corpuscle. 
This form was maintained for a number of seconds, when abruptly 
the ball uncoiled itself into an actively lashing, rotating, flagellum- 
like filament. 

In another example one filament of a bifilar corpuscle suddenly 
relaxed so that the corpuscle flattened to a pear-shape, and at the 
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same time the relaxed filament thickened moderately and became 
actively motile; this filament then changed abruptly into a squirming 
chain of equally spaced beads; now the chain of beads slowly became 
motionless, the beading grew less and less distinct and shortly an 
immobile, refractile, sharply outlined rod projected from the border 
of the corpuscle; this rod in turn gradually elongated and with this 
elongation the flattened surface of the corpuscle became stretched 
into. a nipple; finally a spindle-shaped corpuscle was again taut 
between two filaments, presenting a picture like that seen in the 
beginning (Figs. 44 to 49). These events happened within 15 to 20 
minutes in human blood 1 hour old and diluted with saline solution. 

In a different preparation of human blood, 2 hours old, a chain 
of beads was seen straightening into an actively twisting and swaying 
filament; after 18 minutes this filament again shortened into a chain 
of beads. 

Origin of the Filament. When the filaments were first seen in 
action, their motility was so impressive that the presence of para- 
sites was suspected. This surmise was discarded as soon as filaments 
were found in practically every sample of blood from man, dog, 
rabbit and guinea pig. It was then assumed that they represented 
an early stage in the development of fibrin from plasma fibrinogen. 
Here again observations arose that could not live in peace with this 
assumption. For example, motile and contractile filaments were 


LEGENDs Fias. 50 To 70. 


Fies. 50 to 60, inclusive-—Human, o', X3-—16; hemoglobin appears normal. 
2.54 p.m., hanging drop, no addition; 2.55, spindle reds present; 3.14, vase-shaped 
red corpuscle with 3 filaments, lower one anchored to a microcyte shadow; refractile 
globule near upper angle (Fig. 50); 3.17, slight changes in contour; contents of red 
flickers; 3.25, refractile globule present (Fig. 51); 3.27, perfect spindle; globule at 
1 o'clock present; no globule visible at former angle at 11 o’clock; no motility seen 
(Fig. 52); 3.33, refractile globule at 1 o’clock becoming smaller; lower filament 
slightly fuzzy at base; 3.38, refractile globule barely perceptible; 3.40, no refractile 
globule visible; hemoglobin tint normal; no motility or beading of filament (Fig. 53) ; 
3.46, hemoglobin, no change (Fig. 54); 3.49, sudden appearance of filament at 
11 o'clock; corpuscle same as at 3.14 (Fig. 50); 3.52, vase-shaped corpuscle; contents 
flicker; temperature, 69° F.; 3.59, corpuscle slender; microcyte shadow not visible; 
no motility or beading (Fig. 56); 4.07, lower filament shorter, looks fuzzy with 
diagonal striations (Fig. 57) ; 4.10, corpuscle lengthens and narrows (Fig. 58) ; 4.12, red 
becoming smaller; lower filament not visible; 4.20, hemoglobin denser; lower fila- 
ment again visible (Fig. 59); 4.26, dense microcyte, with 2 refractile globules at 
poles; not doubly refractile; motionless (Fig. 60). 

Figs. 61 to 65, inclusive.—Guinea pig, o’, 620, X3-32; hemoglobin not read. 
10.07, hanging drop from heart blood; 10.08, spindle and angulated reds present; 
blood shadows; 10.13, microcyte, dense hemoglobin; 2 filaments at opposite poles; 
lower, filament with small glistening mass at tip (Fig. 61); this microcyte passed 
through the stages sketched in 7+ minutes; no globules formed on microcyte. 

Figs. 66 to 70, inclusive.—Guinea pig, o’, 265, X2—-98; hemoglobin, 114 per cent 


(Dare). 2.18, hanging drop with = sodium oxalate; 2.27, jerks seen in field; 
3 o’clock, many/inear, motionless, moderately refractile masses, often club-shaped; 
occasionally slightly granular; 3.22, formation of such masses from a filament observed 


(see sketches 66 to 70, inclusive). The entire process occurred in 8 minutes; 3.45, 
outline of mass slightly more irregular. 
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seen after 24 hours when the formation of fibrin should have been 
complete. Similarly, the observation that 3 such filaments could 
attach themselves suddenly, simultaneously and with equal space- 
ment on one red corpuscle (Figs. 7, 8, 9) was always a cause of 
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pained astonishment until a closer examination of serum fibrin 
threads revealed definite morphologic and functional differences 
between them and the motile filaments. 


Typical fibrin threads of plasma origin may be seen within 2 or 3 minutes 
after making a hanging drop and are readily. observable in the spaces 
between corpuscle aggregates. These spaces may or may not show a plate- 
let. The fibrin threads are at first straight, slightly angular on optical 
cross section, sharply outlined, moderately refractile and decrease gradually 
to a pointed tip. The fibers form a loose, irregular network and cross each 
other at various angles. When a platelet or remnant of a platelet is present, 
it usually lies within a radiating system of such threads. After 15 to 30 
minutes the space has definitely decreased in size, the network is closer- 
meshed, the threads have become curved or sharply angulated, and some 
may appear flattened like a ribbon. At times the ribbon-like threads appear 
split along a portion of their length. During this time the most careful and 
continuous observation failed to detect any sign of motion in characteristic 
fibrin threads. Occasionally a spirally twisted fibrin thread was seen but 
their formation was never observed. 

Actively motile filaments may be seen squirming and lashing about in a 
nest of fibrin threads; these filaments conformed in shape and function to 
those attached to red corpuscles and were quite different from ordinary 


fibrin threads. 

With dark-field illumination, fibrin threads appeared that were invisible 
under bright-field conditions. Their form and behavior was the same as 
that described except that a blurring of the originally sharp outline became 
noticeable in some threads after 15 to 30 minutes. Here again no motility 
was seen in a typical fibrin thread. 


Since the form and behavior of typical fibrin threads and of fila- 
ments were different, the supposition of their common origin was 
abandoned. Red corpuscles were next considered as the source 
and a test was made as follows: 0.50 cc. of blood was dropped di- 
rectly from the vein into a centrifuge tube containing 10 cc. of 
Ringer saline solution. The suspension was shaken and centrifuged 
for 5 minutes in a Shelton electric centrifuge. The supernatant 
liquid was decanted, replaced with the same amount of washing 
liquid, shaken vigorously and recentrifuged for another 5 minutes. 
This procedure was repeated 4 to 6 times with each sample of rabbit 
and guinea-pig blood. Then some of the precipitated red corpuscles 
were examined in a hanging drop. In all of these tests typical fila- 
ments were observed. The filaments became visible about 30 to 45 
minutes after making the hanging drop. In one instance none was 
detectable for 2 hours, but 24 hours later the same drop displayed 
slender filaments that connected and deformed red corpuscles. 
The filaments were much thinner and fewer in number than those 
observed in normal blood, but they exhibited a typical activity 
and often changed into a squirming chain of beads. Since all 
plasma had probably been removed by a drastic washing, and since 
no other formed elements were present, the inference is justified 
that the motile filaments are formed from some component of the 


corpuscle itself. 
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Though the evidence indicates the erythrocytic origin of the filaments, 
it does not indicate that the red cells are the only source. It is probable 
that motile filaments may arise from platelets, and a number of times these 
were seen attached to platelets in oxalated or heparinized blood. In one 
example, a slender filament, actively whipping about, issued from the tip 
of a short, refractile, smoothly contoured rod that was anchored to a plate- 
let. In another case, the threadlike prolongation of a platelet was seen 
2 times throwing off a small refractile granule at the point where the thread 
joined the platelet. Both observations were made on human blood. Motile 
filaments were also noted on rabbit platelets. 

Occasionally slender threads were observed issuing from leukocytes, 
but these differed in refractility and motility from typical filaments. 


Effect of Anticoagulants. The action of sodium oxalate, hirudin 
and heparin was tested in 19 experiments; the oxalate was used in 
= strength and the other two substances were dissolved to varying 
concentrations in physiologic saline solution. The heparin experi- 
ments were made exclusively with human blood; with the other anti- 
coagulants, blood from man, rabbit and guinea pig was used. 

The main object was a comparison of the effect of the anti- 
coagulants upon the formation of fibrin threads and filaments. 
The study shows that 10 out of 19 tests exhibited little or no fibrin, 
while typically motile filaments attached to red corpuscles were 
present (4 oxalate, 3 hirudin, 3 heparin tests); in 5 of these 10 tests 
no fibrin at all was seen. In 3 tests both fibrin and filament were 
absent (1 oxalate, 2 hirudin). In 6 tests both fibrin and filaments 
were seen, but both were definitely reduced in amount (3 oxalate, 1 
hirudin, 2 heparin). These tests gave the distinct impression that 
the anticoagulants reduce the production of both fibrin and fila- 
ments; furthermore they also indicate that this reduction is more 
noticeable with fibrin than with the filaments. 

The motility and contractility of the filaments in-most of these 
experiments were not perceptibility altered. In a number of heparin 
experiments, however, a surprising sluggishness of contraction was 
seen. For example, in heparinized human blood (X3-70) spindle- 
shaped corpuscles had been formed within 5 minutes and rupture 
of the peripheral end of the filaments was first observed after 13 
minutes. Upon rupture, such filaments rolled up leisurely into a 
ball, or farmed a chain of beads or contracted into a thick, refractile 
rod with terminal knobs. If a filament was transformed into a 
ball, then simultaneously the spindle corpuscle flattened and glided 
slowly as a pear-shaped body, apex in advance, toward the side of the 
field where the intact filament was anchored, revealing that the 
intact filament also was shortening with apathy. This type of 
shortening is thus in sharp contrast with that observed in normal 
blood where the torn filament rolls up with the speed of a stretched 
spring that has been released, and where the corpuscle is often 
fairly hurled across the field by the unopposed pull of its intact 
filament. Still other variations occur: if a chain of beads develops, 
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then the beads may be oval or sausage-shaped, and each bead is 
larger than those seen in ordinary blood (Fig. 2); if a rod is formed, 
its refractility seems greater than that generally seen, and the rod 
may exhibit a slight but definite yellowish color. The rate of short- 
ening is seen in Figures 1, 2 and 3: 2.5 uw in 9 minutes. 


Discussion. The following statements represent an attempt to tie 
together the various observations recorded in this paper and to place them 
tentatively in the general blood picture; they are brief because space 
restrictions forbade development, and for the same reason some interesting 
and important work, for example the micrurgical studies of Seifriz on various 

types of ery throcytes, 9 had to be neglected. ; 

It is possible that the parent substance of the filaments is identical with 
the hemoglobin-free, fibrinogen-like material that Horino’ isolated from 
washed red corpuscles, because this parent substance lies inside of the red 
corpuscle and because the anticoagulants decrease or abolish the formation 
of filaments. It is conceivable, furthermore, that the clear interstromatic 
liquid of red corpuscles (p. 558?) contains the hemoglobin-free parent- 
substance of the filaments. The formation of filaments by drastically 
washed corpuscles indicates however the existence of some difference 
between this intracorpuscular substance and plasma fibrinogen." 

The parent substance of the filaments could be expelled through the 
surface layer by increased intracorpuscular tension. Sound evidence that 
the hemoglobin stroma of red corpuscles may contract powerfully has been 
given (p. 558?). 

If the surface layer of red corpuscles is assumed to be an interlacement 
of stroma fibrils (p. 5622), then the passage of the parent substance of the 
filaments through the submicroscopic interstices of the surface layer would 
produce invisible subfibrils which could be changed to a fibrinlike material 
after their exit. The intertwining of subfibrils could form fibrils and they 
in turn filaments. The twisting together is probably aided by the spiral 
turn given to the subfibrils when the liquid parent substance is forced 
through the interstices of the surface layer. 

The powerful shortening of the filament is caused at least in part by 
rotation around its long axis, and is readily imitated by twisting an elastic 
rubber thread. The rotation in the opposite direction is attributable to an 
incomplete elastic recoil. This elastic recoil may be caused by repeated, 
relative decreases in the amount of material expelled per unit of time by the 
corpuscle (see lower filament of Figs. 26 to 34). The active rotation is 
partly referable to the spiral movement given the subfibrils by their expul- 
sion through the interstices of the surface layer. 

The formation of a single ball when a filament tears away from its periph- 
eral anchorage is apparently due to the elastic recoil of the strongly twisted 
filament into a skein; a similar form is produced momentarily when one 
end of a twisted rubber thread is suddenly released. 

The formation of beads at equal intervals on a shortening filament cannot 
be fully explained at present, but apparently rotation and successive 
ruptures of the elastic anchoring subfibrils are primary factors. 

The reversible changes of a filament into a ball, a rod or a chain of beads 
indicates clearly that these changes do not necessarily alter the essential 
structure of the filament. 

The more or less slow disappearance of filaments without the formation 
of globules on the corpuscle (Figs. 9, 10, 11; 61 to 65) is apparently caused 
by a gradual or abrupt stoppage in ‘the supply of material for making the 
filament. Under these conditions, rupture of the strained filament occurs 
at the corpuscle and the severed filament recoils to its peripheral anchorage. 
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The stoppage of material for spinning the filament may be caused by 
an increase of tension in the surface layer to such an extent that the parent 
material of the filaments cannot pass through the interstices. 

The tubular stubs noted occasionally (Fig. 10) may be interpreted as 
extensions of the surface layer of the corpuscle produced by the pull of the 
filament, and in a certain sense may be called spinnerets. 

Since the filaments may go into solution, it is obvious that the serum 
will contain material extruded by the red corpuscles even though no laking 
whatsoever occurs. 

What réle the filaments play in forming a soft clot or in retraction of the 
coagulum cannot be stated at present. It is, however, undeniable that the 
filaments may be strikingly motile; that they can shorten powerfully, draw- 
ing red corpuscles together into chains and rouleaux, and that they can 
deform red corpuscles. It may be furthermore suggested that the mechani- 
cal activity of the filaments aids not only by converting plasma fibrinogen 
into fibrin but also by felting the fibrin threads into a mass, just as hair is 
felted together by a mechanical beating. Attention may again be called 
to the fact that no motility of serum fibrin was ever seen. 

Red corpuscles may not be the only source of the filaments and some 
evidence has been submitted indicating that they may be formed by plate- 
lets. Whether or no leukocytes can form filaments is an open question; 
Kite makes no distinction between the undulatory processes of red and white 
corpuscles (pp. 323, 327%); my own observations are few, and do not 
support Kite. It may be noted that Leo Loeb observed the formation of 
long threads in pseudocoagulation of Limulus amcebocytes and that he 
attributes the physical characteristics of fibrin to these threads.” 


Summary. 1. The living red corpuscle of guinea pig, rabbit, dog 
and man, in hanging-drop preparations produces almost colorless, 
tapering, elastic filaments varying in number from 1 to 5 and in 
length from 5 to 75 u. 

2. Filaments may apparently arise from platelets. 

3. The filaments may appear within a few minutes after a hanging 
drop is made and be readily detectable for more than 24 hours; 
they are composed of twisted fibrils which in turn are composed of 
separately invisible subfibrils; the filament, fibril and subfibril are 
not sticky; the filament is motile and rotates around its long axis 
to the right and to the left, one direction predominating thus ulti- 
mately causing a shortening; the filaments anchor themselves 
peripherally to other red corpuscles, to blood shadows, to platelets, 
to the edge of the drop; their shortening distorts and compresses 
red corpuscles into various shapes and may produce a microcyte 
with dense hemoglobin content; the filament may tear peripherally 
and roll up into a ball, or change into a chain of refractile beads or 
thicken into a refractile rod; all these changes are reversible; the 
beads and the filament are not doubly refractile; both filaments 
and beads may appear free in the serum and execute active move- 
ments; single free beads resemble blood dust, but are more lively 
at first; the formation of filaments is decreased or abolished by 
sufficient amounts of sodium oxalate, hirudin and heparin, but 
filament formation is more resistant to these substances than 
fibrin formation from plasma fibrinogen. 
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4. These filaments are probably the agents that cause cell deform- 
ation in sickle-cell anemia. 

5. No contraction or intrinsic movement of typical fibrin threads 
from plasma fibrinogen was ever seen. 
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WBILE infestation with Trichinella spiralis in a degree sufficient 
to produce definite symptoms is, perhaps, infrequently recognized, 
extensive outbreaks are relatively uncommon in the United States, 
although, during the past 3 or 4 years an unusually large number of 
cases have come to light. 

The large number of individuals affected in the outbreak to be 
described, together with the unusual and not readily to be explained 
occurrence of femoral thrombosis in one of the cases, seems to war- 
rant description and record. 

As illustrating the ease with which, in the absence of a suggestive 
history or typical findings, the possibility of trichinosis may be 
overlooked, the events will be described as they occurred. 
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Case Abstract.—E. P., Italian male, hotel employee, aged 42, was 
admitted to the medical ward of this hospital March 4, 1933, on the ser- 
vice of Dr. Samuel Barbash, the chief complaint being fever and malaise. 

The patient seemed dull and apathetic and did not codperate very well 
with attempts to obtain a history. It was ascertained with some difficulty 
that 1 week before admission he had had “a cold and ached all over.” 

After being sick 1 week in bed he was seen by Dr. Merendino, who learned 
that he had been delirious on several occasions and on others had been 
found lying on the floor where he had fallen out of bed. At this time he was 
very sluggish mentally and because of this and the sustained fever he was 
sent to the hospital as a possible case of typhoid fever. 

On admission the temperature was 102°, pulse 110, and respirations 26. 

LABORATORY REeportTsS.—The Widal, Wassermann (Kolmer quantitative), 
and precipitation (Kline) tests were negative. Blood sugar, 100 mg. 
per cent; urea nitrogen, 18 mg. per cent; creatinin, 1.5 mg. per cent. 
The urine, except for the presence of 5 mg. per cent of albumin and a faint 
trace of indican, showed nothing of interest. Hemoglobin (Haden) 13 gm. 
per cent (87.6 per cent); red blood cells, 4,490,000; color index, 0.9; white 
blood cells, 9800. Differential: Polymorphonuclear, 68 per cent; small 
lymphocytes, 23 per cent; eosinophils, 9 per cent. Blood culture gave no 
growth after 1 week incubation. 

Nothing of interest occurred until 3 days after admission when, during 
the night of March 7, the patient complained of a sudden, sharp pain in the 
upper part of the left thigh, at the same time showing a fall in temperature 
to 97° F. The foot and leg soon became cold and there was apparently a 
spasm of the calf muscles. The following day he was cold, clammy, sweat- 
ing profusely, anxious in his general demeanor, and complained of chilliness 
as well as of loss of feeling in the entire leg except the toes, and a line of 
- demarcation began to appear a short distance above the knee. This, 
together with the absence of any femoral pulsation, amply corroborated 
the assumption of femoral occlusion. 

While this diagnosis was easily made the reason for its occurrence was 
far from obvious, and in an endeavor to obtain additional information the 
patient’s friends were interviewed by Dr. Barbash. 

During the course of the investigation the woman with whom the patient 
boarded expressed her firm conviction that it was the result of something 
he had eaten at a birthday party, as a number of those who were present 
had also become ill shortly after. 

On further inquiry it was found that the refreshments consisted of home- 
made Italian sausage and red wine and the nature of the patient’s illness 
at once became obvious, especially when the eosinophil count rose to 16 
per cent, and encysted trichine were demonstrated in the sausage meat. 

The gangrene of the leg became progressively more marked, eventually 
extending to midthigh so that amputation became imperative despite the 
poor general condition of the patient. Amputation was done on March 
14 and death occurred March 16. 

Autopsy (partial).—The body is that of a well-developed adult Italian 
male apparently about 45 years of age. The skin has a definite pallor. 
The left leg has been amputated at about the middle of the thigh. The 
skin of the stump as far as the inguinal region is very tense, swollen and 
discolored, while the stump is malodorous and discharging pus. There is 
a mark of a venipuncture in the region of the left median basilic vein. There 
are no other external marks of interest. 

Chest. Permission to open the chest was not obtained. 

Abdomen. The liver is about normal in size. When cut it does not 
appear to contain an abnormal amount of blood. The cut surface has a 
somewhat granular appearance and suggests a moderate degree of fatty 
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metamorphosis. The gall bladder is filled with dark, viscid bile but other- 
wise presents no gross changes of moment. 

The spleen is approximately 2} times the usual size and shows a large 
anemic infarct approximately 5 cm. in diameter involving the lower pole. 
The gastro-intestinal tract presents no gross abnormalities. The kidneys 
are approximately normal in size but the cut surface appears, perhaps, 
somewhat paler than usual. 

The superficial tissues as well as the deeper structures of the left upper 
leg appear to be markedly swollen and edematous, and gas bubbles are seen 
on incision. 

The left femoral and left external iliac arteries are completely thrombosed 
all the way up to the point of bifurcation from the common iliac, the clot, 
when partially expressed, showing fairly well-marked organization, thus 
evidencing its antemortem origin. The vessel walls do not show any gross 
or macroscopic abnormalities. No gross evidence to explain the circulatory 
block could be demonstrated. 

AnatomicaL D1agnosis.—(1) Trichinosis (clinical and laboratory diag- 
nosis) ; (2) splenic infarct; (3) fatty metamorphosis of liver (?); (4) amputa- 
tion (midthigh) left leg; (5) gas bacillus infection and gangrene of stump; 
(6) thrombosis of left femoral and left external iliac arteries. 

Cultures taken at autopsy from the liver, spleen, and heart blood gave 
no growth; the stump gave a mixed growth of B. welchii and Staphylo- 
coccus pyogenes (aureus). 

Histologic examinations of material from the amputated leg gave the 
following findings: 

Muscle. Sections show the presence of moderately numerous encysted 
= as well as inflammatory and degenerative changes in the muscle 

ers. 

Femoral Artery and Vein. Sections show organizing arterial and venous 
thrombi in which trichine are not found. Cross and longitudinal sections 
of the arterial wall show no marked evidence of pathologic changes. 

Clot from Femoral Artery. Sections show an organizing clot. Trichine 
were not demonstrated. 

As already stated, numerous encysted and partially encysted trichine 
were found in sections of the sausage eaten by the patient, in muscle from 
the amputated leg, and in sections taken at autopsy of the diaphragm and 
muscle from the amputation stump. Sections from the liver presented the 
histologic picture of a moderate degree of passive congestion associated 
with diffuse and marked fatty metamorphosis; while those from the kidney 
exhibited occasional small focal hemorrhages and diffuse cloudy swelling. 


The cause of death was obviously not trichinosis but the toxic 
absorption from the gangrenous leg coupled with the shock of opera- 
tion and absorption from the infected stump. 

The case derives its particular interest from the femoral occlusion, 
the occurrence of which it is difficult to explain as none of the usual 
incitants of this condition could be proved. 

There was neither history nor evidence of trauma; clinical and 
laboratory evidence of disturbances in the coagulability of the blood 
were lacking; no signs of pathologic changes in the vessel walls 
could be found on microscopic examination, nor were there any 
evidences of blood stream infection or of pelvic inflammatory 
processes, 
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The question arises, was there any etiologic relationship between 
the trichinosis and the femoral block? 

On the one hand, it is held by one of us (S.B.) that as no other 
reason for the arterial blockage can be found the fact of its occurrence 
in association with trichinosis cannot be disregarded nor the possi- 
bility of some direct—though admittedly inexplicable—relation 
entirely dismissed. 

The senior author (R.A.K.) on the other hand, regards such an 
assumption as extremely unlikely and difficult to uphold. In the 
first place, while many thousands of cases have been recorded in the 
literature, such an association has never been reported. While 
this does not, of course, render the occurrence impossible, it is 
difficult to assume that, could trichinosis produce such an effect 
per se, it would never have been reported before. 

Second, it is difficult, if not impossible, to imagine the mechan- 
ism whereby such a lesion could be produced as a result of trichinosis. 
While it is true that an essential feature of the disease, and one 
responsible for the persistence of its symptoms, is the dissemination 
of the larvee by means of the blood stream, it is also true that in 
this stage the larvee, measuring 100 by 6 microns, are no larger than 
the average diameter of a normal erythrocyte (7.5 microns) and 
hence pass freely through so fine a capillary network as that of the 
pulmonary circulation. In order to produce a block even in the 
capillary circulation, therefore, it is necessary to assume, first, the 
presence of larvee in agglomerate masses of sufficient size to occlude 
the capillary vessels of the foot, and, second, that this having taken 
place, the thrombus gradually extended upward along the vessels 
without symptoms of any kind until it reached the femoral artery 
in the middle of the thigh, producing the sudden, sharp pain recor- 
ded in the history, which was then followed by the appearance of 
gangrene. 

These assumptions do not seem tenable. In fact, the history of 
sudden, acute pain followed by coldness in the affected leg, which 
before this had shown no abnormality of any sort, is much more 
conformable with embolism than thrombosis and, on the grounds 
recited above, any direct etiologic relationship between the trichin- 
osis and. the circulatory occlusion is difficult, if not impossible, to 
predicate. It seems, rather, a fortuitous coincidence. 

The elimination of trichinosis leaves the circulatory block unex- 
plained. It is interesting, however, that one of us has previously 
recorded (1) the occurrence of an axillary thrombosis leading to 
gangrene and amputation of the arm in a patient admitted to the 
medical service for acute wood alcohol poisoning. While the modus 
operandi of this occurrence was far from clear, it was tentatively 
suggested that the thrombosis might have been the aftermath of 
some chemical, toxic action of the wood alcohol. 

We refer to this simply because the patient who is the subject 
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of this report was said to have been a consistent drinker of “any- 
thing.” On the other hand, there was no history of excessive drink- 
ing immediately preceding his admission and whereas the axillary 
accident occurred shortly after a profound poisoning with wood 
alcohol, in the present case the femoral occlusion occurred on the 
ninth day of the only illness from which he is known to have suffered 
immediately preceding his admission to the hospital. The cause of 
the circulatory catastrophe in the present case remains a mystery. 

Outbreak of Trichinosis. The history of the outbreak, of which this 
patient was a part, while true to form as regards its essential details, 
is of interest because of the number involved. 

On January 31, 1933, a pig was purchased by two Italian families 
jointly and killed on the same day, the meat being made into sausage 
on February 2, a small portion being pickled. 

Home-made Italian sausage is usually made by chopping the 
meat into relatively coarse pieces which are mixed with large 
amounts of spices, packed into skins, and then hung up to dry for 
2 or more weeks. The resultant product is a hard, highly-spiced 
product resembling salami or some kinds of German bologna. 

The preparation of the sausage in question was completed Febru- 
ary 2 but some of it was eaten 2 days later by one of the men who 
made it. On February 12 this individual became ill with what was 
regarded as “grippe”’ because of the fever and muscular pains. 

On February 9 a birthday party was given by one of the families 
who had purchased the pig, the refreshments consisting almost 
entirely of red wine and the home-made sausage, which was not only 
freely eaten of by the guests but many also carried away with them 
a supply for future home consumption. 

While one or two of those attending the party had rather marked 
gastro-intestinal disturbances very soon after, the outbreak proper 
began about 10 days later when, one by one, those who had attended 
it became sufficiently ill to send for a physician. 

The first cases were seen on February 14 by Dr. Merendino, a 
mother and her daughter aged 12 years, complaining of vomiting, 
diarrhea, fever, and generalized myalgia which had not responded 
to home remedies. Calls for similar complaints then came thick 
and fast until 11 different patients were seen by Dr. Merendino. 
At the same time a number of similar cases were being seen by Dr. 
Louis Mackler to whom we are indebted for information concerning 
them as well as for céperation and assistance in rounding them up 
for further study. 

In all instances the clinical symptoms were in general the same 
varying degrees of gastro-intestinal disturbance associated with 
muscular pains and fever ranging from 99° to 104°. 

In every case seen by both Drs. Merendino and Mackler the 
fever was ushered in by a chill of varying intensity. Nausea, vomit- 
ing, and epigastric pain were quite commonly complained of, while a 
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few of the patients presented signs of a bronchitis with the expec- 
toration of a brownish, viscid sputum. The history of 3 patients 
records mental confusion and even delirium of short duration. 

One of Dr. Mackler’s cases had repeated epistaxis and another a 
marked subconjunctival hemorrhage. 

Edema of the face and eyelids occurred—or, at least, was recorded 
as present—in only 2 cases, being marked in neither, but edema 
of the legs was very generally noted. It is of practical importance 
that this was difficult to detect while the patients were bedfast but 
easily recognized when they were out of bed, being quite marked 
and persistent and lasting in many instances, as did the muscle 
pains, up until the preparation of this report (April). 

Albuminuria or casts were not found in any of the cases examined 
outside the hospital. 

When the diagnosis of trichinosis was established, following the 
admission to the hospital of the patient with whom this report is 
primarily concerned, practically all those who attended the party 
were examined for eosinophilia with results given in the table 
following: 


TABLE 
3 gs Remarks. 
Z | |o | 
1 | G. del P 43 | Yes Yes | 32 |Sick 11 days; fever, myalgia, 
| | | edema of legs. 
2 |O. del P | 23 Yes No | 2 Son of Pt. 1; ate only cooked 
| | sausage. 
3 | Mary P. | 28 | Yes| .. | Yes| 11 | Gastro-intestinal symptoms and 
| | myalgia. 
4 | Enrico P. | 42 | Yes; .. | Yes, 16 | Atelarge amounts of raw sausage; 
sick 9 days, then developed left 
| | femoral thrombosis and gan- 
| | grene of leg; amputation, death. 
Peter P. | 38 | Yes| .. | Yes | 23 | Edema of legs; myalgia. 
6 | Patsy P. | 40 | Yes| .. | Yes| 10 | Ate only small amount; slight 
symptoms. 
7 Angelina P. 12 | Yes; .. | Yes/ 30 | Gastro-intestinal symptoms; my- 
| | | algia, some edema of legs. 
8 | Rose M. : 22 .. | Yes | Yes | 26 | Ate only cooked (heated?) sau- 
| sage repeatedly; headache; ma- 
laise. 
9 | Albert M. | 10 | Yes; .. | Yes | 21 | Chills, fever, myalgia, edema of 
legs. 
10 | AnacellaM. | 14 | Yes! .. | Yes/| 30| Chills, fever, cough, myalgia, 
| edema of legs. 
11 | Enrico M. | 42 | Yes| .. | Yes | 41 | Fever, edema of eyelids, myalgia, 
| | edema of legs. 
12 | Mrs. M. | 42 | .. | Yes | Yes | 56 | Repeatedly ate large amounts of 
| cooked (heated?) sausage; sick 
| 17 days, facial edema, chill, 
| | fever, myalgia. 
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TaBLE—Continued. 
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| 
13 | Peter F. 35 | Yes| .. 
14 | John F. 20: |... || 
15 | Frank F. Pog | -. | Yes 
16 | Mary F. 
17 | Louis S. | 39 | Yes! .. 
18 | Catherine S. | 48 | jp ae 
19 | Matteo V. | 43 | Yes | 
20 | Mrs. V. | 30 | Yes | 
21 | Baby V. | 2 | Yes 
22 | Tina C. Yes | 
23 | John C. | Yes 
24 | Philomena C. | .. | pee 
25 | Benj. P. | 50 | .. | Yes 
26 | Caesar C. 30 | Yes | 
27 |Mrs.diG. | 46 | Yes | Yes 
| | | 
| | 
28 |Giovanni M. | 33 | Yes | Yes 
29 | Albert C. | 30 | Yes| .. 
30 | Jos. A. 36 | Yes | 
31 | Guiseppe F. | 36 | Yes | 
32 | Jean C. | 35 Yes 
| 
| 
33 | Wm. C. 10 Yes 
34 | Mrs. C. | 43 | Yes 
35 |Benj.deM. | .. | .. | Yes 
36 | Albert de M. | 2.| Yes! .. 
37 | Mrs. de M. | 19 | Yes| .. 
38 | Mrs. de F. | 45 | Yes 
39 | Mary de F. | 9 | Yes 
40 | Nick de F. 48 lee | Yes 
41 | Albert A. | 11 | Yes| .. 
| | 
42 de J. Yes 
| 
43 | Victor V. | 43| Yes 


| Yes 


Eosinophils, 
per cent 


| 


OF NON 


to 


30 


Remarks. 


Sick 3 weeks. 


Ate very small amount. 


| Sick 3 weeks. 
| Appeared “cranky” and “‘fussy,”’ 


not otherwise ill. Refused to 
walk for 10 days. 


| Ate very small amount. 
| Ate very small amount. 
| Ate very small amount. 
| Slight gastro-intestinal symptoms. 


Ate small amount, had immedi- 
ate gastric distress, took purga- 
tive at once. 

Ate small amounts of both raw 
and cooked sausage, ‘‘cramps”’ 
for 2 days, not otherwise ill. 

Myalgia and edema of legs. 


| Ate very small piece. 
| Ate very small piece. 
| Fever, malaise, myalgia, edema 


of legs. 


| Ate small amount of slightly 


heated sausage; mild gastric 
distress, mild myalgia (ques- 
tionable). 


Ate only small amount. 


| Ate only small amount. 


Ate only small amount. 


| Ate raw sausage supplied by play- 


mate; sick 1 week, fever, myal- 
gia. 


Attended party and ate small 


amounts of raw sausage; ques- 
tionable myalgia. 


| Same family as Nos. 19-20-21. 


Became ill much later; fever, 
myalgia, malaise. 


It will be seen from the data given that of 28 individuals who ate 
raw sausage 17 (60 per cent) exhibited clinical symptoms and had 
eosinophilia of varying degree. 

Of 17 persons who ate cooked sausage 4 (22 per cent) complained of 
symptoms of varying severity and 7 (40 per cent) exhibited eosino- 
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philia varying from 6 to 56 per cent, explainable by the fact that the 
“cooking” in many instances meant only the heating of the sausage. 

Two individuals ate both cooked and raw sausage and hence 
appear in both groups. One complained only of ‘‘cramps” and did 
not show an eosinophilia when examined; the other complained of 
myalgia, presented edema of the legs, and had an eosinophil count 
of 11 per cent. 

In view of the heavy infestation of the pig, as shown by the large 
numbers of encysted trichine in the sausage and meat examined, 
it is not improbable that some of those not presenting symptoms or 
eosinophilia when this report was written may do so later. 

Through the courtesy of Benjamin Schwartz, Ph.D., Senior 
Zodlogist, United States Department of Agriculture, a trichinz 
antigen was prepared for the conduct of intradermal tests after the 
procedure proposed by Bachman.? As many as possible of the group 
in this series will be tested by this method and the results reported 
in a separate communication. 

It is not improbable that trichinosis in mild forms not clinically 
recognizable nor suspected may occur more frequently than com- 
monly supposed, for it is impossible to regulate the home manufac- 
ture of pork products and, as in the present instance, the trichinous 
animal may appear perfectly well. 

Extensive outbreaks of trichinosis in the United States are 
always associated with the consumption of home-made pork prod- 
ucts. 

No danger arises from the use of packer’s pork products of the 
kind usually eaten without cooking as these, under Government 
regulation, must either be refrigerated at a temperature not higher 
than 5° F. for at least 20 days, or subjected to other treatment 
approved by the Chief of the Bureau of Animal Industry. 

The efficiency of refrigeration, first established by the extensive 
investigations of Ransom, has been amply corroborated by other 
observers, the most recent study being that of Augustine* showing 
that pork, in commercial quantities, may be rendered safe, as far 
as trichinosis is concerned either by rapidly lowering its temperature 
to —35° C., or by rapidly lowering the temperature to —18° C. 
and maintaining that temperature for at least 24 hours. 

However, as an added precaution, essential in the case of home- 
made products, pork products not ordinarily eaten without cooking 
should be thoroughly cooked in all instances. 

Data concerning the effect of pickling upon the viability of trichi- 
nz are neither definite nor extensive. While the U. S. Bureau of 
Animal Industry has developed specific curing methods for special 
products containing the muscle tissue of pork these are not applic- 
able to home-made products which, in the last analysis, are the 
most important source, not only of extensive outbreaks, but also 
of the perpetuation of the disease in the human being. 
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Summary. A case of trichinosis complicated by femoral throm- 
bosis is reported together with the part culars of an outbreak arising 
from the ingestion of home-made sausage and involving 43 persons. 


BIBLIOGRAPHY. 


1. Barbash, S.: J. Am. Med. Assn., 1922, 78, 430. 
2. Bachman, G. W.: J. Prevent. Med., 1928, 2, 513. 
3. Augustine, D.L.: Am. J. Hygiene, 1933, 17, 697. 


THE BACHMAN INTRADERMAL REACTION IN HUMAN 
TRICHINOSIS. 


By Ropert A. Kitpurre, M.D., 


DIRECTOR OF LABORATORIES OF THE ATLANTIC CITY HOSPITAL, 
ATLANTIC CITY, N. J. 


ALTHOUGH extensive outbreaks of trichinosis are uncommon in 
the United States an unusually large number of cases have come 
to light during the past 3 or 4 years and it is possible that more are 
unrecognized because of the mildness of the symptoms or for other 
reasons. 

In 1928 Bachman! described an intradermal reaction in experi- 
mental trichinosis which, apparently, has not been widely applied, 
if at all, to the study of this disease in the human being. 

An opportunity to utilize the Bachman skin test in the study of 
human trichinosis arose during the outbreak described in the pre- 
vious paper.’ 


Methods. The isolated, dried, and powdered trichine larve necessary 
for the preparation of the "Bachman antigen were made available through 
the interest and courtesy of Benjamin Schwartz, Ph.D., Senior Zodlogist, 
U.S. Department of Agriculture, Washington, D. C., and the majority of 
those involved in the outbreak were induced to submit to the test through 
the codperation of Drs. 8. Barbash, A. G. Merendino and L. Mackler to 
all of whom acknowledgements are due for their assistance in making this 
study possible. 

In the preparation of Bachman’s antigen, 1 month after the infection 
of guinea pigs by the feeding of trichinous meat the animals are killed, the - 
muscles containing encysted larve separated, and the larve isolated by 
artificial digestion. 

The isolated larve, after thorough washing in water, are then dried at 
45° C., or in vacuo over sulphuric acid, and pulverized. 

For use a 1 per cent solution of the dried powder is extracted by shaking 
in Coca’s solution* and allowed to stand over night in the refrigerator. 

The turbid fluid, which is stated by Bachman to be practically free from 
host protein, constitutes the antigen used for the skin test. The antigen 
furnished by Mr. Schwartz was made of larve isolated by means of the 


* Coca’s solution: Sodium chlorid, 0.7 gm.; sodium bicarbonate, 0.05 gm.; phenol, 
0.4 gm.; distilled water, 100 cc. 
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Baerman apparatus and was free from foreign protein by repeated passage 
of the larve in large volumes of water through the apparatus. 

In the conduct of the test, the skin of the forearm is cleansed with alcohol 
and 0.1 cc. of the antigen extract injected intracutaneously to form a small 
wheal. At the same time, to serve as a control, 0.1 cc. of the extracting 
fluid is similarly injected at a suitable distance (8 to 10 cm.) from the test 
proper. 

From a careful study of readings made at varying intervals, Bachman 
concludes that the resulting reactions may be read safely at 24 and 48 
hours. 

The procedure outlined above was followed exactly in the series reported 
below. 

The reaction is, apparently, allergic and represents a manifestation of 
sensitization to trichine protein. 

Bachman’s results indicate that typical skin reactions occur within the 
first week of the infection and also, which is of some practical importance, 
that the injection may produce a local hypersensitivity which, if the test is 
repeated, may be responsible for a positive reaction which is never, however, 
as marked or clear-cut as that due to true infection. 

The reactions produced in experimentally infected guinea pigs and rabbits 
are thus summarized by Bachman: 

Plus Four. A well-defined hemorrhagic area, bluish-red in color, sur- 
rounded by well-marked hyperemia. Necrosis may or may not be présent. 
Inflammatory edema is also quite evident varying from 0.5 to 0.6 cm. in 
diameter. 

Plus Three. Hyperemic in type, with a well-defined inflammatory edema 
varying from 1 to 6 cm. in diameter. 

Plus Two. An inflammatory edema varying from 1 to 6 cm. in diameter. 

Plus One. A well-marked or slight edemic area varying from 1 to 3 cm. 
in diameter. 


Of the 43 individuals concerned in the outbreak 1 died; 33 of the 
remaining 42 were subjected to the Bachman skin test with the 
results to be described. 

In order to determine if there was any parallelism or proportion- 
ate relationship between the skin test and eosinophilia, as well as 
to detect any cases in which an original normal eosinophil count 
was replaced by hypereosinophilia suggestive of later dissemination 
of trichine, the original eosinophil count is contrasted with that 
made later at the time of the skin test and both compared with the 
results of the Bachman procedure. 

The findings are shown in Table 1, the skin test readings being 
recorded in terms of the scale suggested by Bachman and above 
described. 

If the series is considered as a whole, it will be seen that positive 
skin test reactions of varying degree were encountered in 18 (54 
per cent) of those examined. 

The true significance of the findings, however, i is best made evi- 
dent if the series is divided into groups, as follows: 

Group A. Cases presenting eosinophilia when first examined 
together with a history of definite symptomatic manifestations 
of trichinosis. 
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TABLE 1.—ALL Cases AND Contacts SHow1ne INCIDENCE oF SyMPTOMS 
AND EosINopuHILia. 
| & |Control.| Test. 
No. | Patient. Age.| 2 | g Sick. Remarks. 
| | | 24/ 48 | 24 48 
| | hrs brs. hrs. 
| 

1|G.delP. | 43 | 0 |Raw | Yes | 

2/|O.delP. | 23 2 0;0/;0;0 0 Cooked | No 

3 |M.P. 28 | 10 | 13 | 0 | 0 | =| O | Veryslight | Raw Yes 

5 |PeterP. | 38 | 23 | 13 | 0/0 | | Slight Raw | Yes 

6 | PatsyP. | 40 | 10 | 0 +| O |Slight Raw Yes | Edema of legs. 

7 | A. P. 12}; 5; 10;0/0;0/0 0 Raw Yes | Slight edema of ankles. 

8 | R.M. 12 | 26 | 12 | 0 | O | +2) O |5cm. Cooked | No 

9 | Al. M. 10 | 21} 9| 0/0 | +2) 0 |5em Raw | Yes 

10 |An.M. | 14 | 30 | 21 | | O | +1) +1/0.5cm Raw | Yes 

11/E.M. | 42 | 41| 12/0/01) 0/0 0 Raw Yes 

12 |Mrs.M. | 42 | 56 | 24 | 0 | 0 | +8 +2/7.5 cm. Cooked | Yes | Repeatedly large amts.; 

myalgia and some 
| edema of legs. 

13 |P. F. 35 | 40 | 10 | 0 | 0 | + | O |65by7.5cm.|Raw | Yes | Sick 3 weeks. 

14 |J.F. 3/ 0 Cooked | No 

15 | F. F. 3/12| | Cooked |No 

16|M.F. | 5| 1/0/| 0 | +/+ |2by3em. | Cooked | No 

17 |L. 8. 39 | 3 | | +8| +4) 4by4.5cem. |Raw |No_ | Very small amou: 

18 |C.S. | 48 1 3/0/00 | +1) 0 |1.5cm Cooked | No 

19 |M. V. | 43 5 | 22/;0/0/ | 0) 0 Raw Yes | Sick 5 days. 

20 |Mrs.V. | 30° | 40 | 21 | 0 | O | =| O | Very slight 4 Yes | Sick 3 weeks. 

| | cooKe: 

21 | A.V. 0 Raw |No_ |Small amount; refused 
to walk for some days; 
ines “cranky and fussy.’ 

25 |B. P. 50 9; | | = | +!|Seeremarks | Cooked |Slight| Ate small amount; skin 

reaction shows small 

hemorrhagic center 
with very slight edema 
| surrounding. 

26 |C.C. 30 | 17 |} 0|0 | + |6by3.5cm. | Raw No /Gastric distress, took 

| | ia purge; recently my- 
algia. 
28 |G. M. 3} 0 Raw; _| Yes 
| cooked 

30 | J. A. |36/ 0} 0 Raw |No_ | Small amount. 

31 |G. F. 36 | 37 | 5 | 0 | O | +1/0.7 cm. Raw _| Very 

33|w.c. |10| 6| 9/0/0/0)0 0 Cooked | No 

34 | Mrs. C. 0; 0 | Raw | Small amount. 

36 | A. deM. St S18 1516 | 0 | Raw | Small amount. 

37 |Mrs.deM.| 19 | 0 | 0 0 Raw No /|Small amount; recent 

attack of “grippe.” 

38 |Mrs.deF.| 45 | 0; 1/',0/0/0/)|0 0 Raw No_ | Small amount. 

39 |M.deF. | 1); 0 Raw (No 

40 |N.deF. | 48 | 2} 0 |Raw |No_ | Small amount. 

43 | V.V. 44; 30 | 15 | 0 | 0 | =| O | Very slight Raw; Yes 

cooked 

Group B. Cases presenting eosinophilia when first examined 
but without a history of definite symptomatic manifestations of 
trichinosis. 

Group C. Cases without eosinophilia when first examined but 
developing eosinophilia later with or without symptomatic mani- 
festations of trichinosis. 

Group D. Cases without eosinophilia or symptomatic evidence 
at any time. 

Group A, shown in Table 2 consisted of 12 individuals, in 9 (75 
per cent) of whom the Bachman test was positive in varying degree 


although in 4 it was of slight intensity. 
Group B, shown in Table 3, consisted of 6 individuals in 5 (83 
per cent) of whom the skin test was positive. 
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Group C, shown in Table 4, consisted of 5 individuals, positive 
skin tests being encountered in 2 (40 per cent). 


TABLE 2.—SHOWING INCIDENCE OF POSITIVE SKIN REACTIONS IN CASES PRESENTING 
EOSINOPHILIA AND SYMPTOMATIC MANIFESTATIONS WHEN First EXAMINED. 


| Skin test. Eosinophil 
Original count at 
— Appearance of skin. a 
per cent. | Control. | Test. | pp 
1 | 32 0 _ 11 
5 23 0 | + | Very slight hyperemia 13 
6 10 0 + | Very slight hyperemia 4 
8 30 0 | + | Very slight area of hyperemia | 15 
9 21 0 | +? | Edemic and hyperemia area,5cm. | 9 
10 30 0 +1 |Edemic and hyperemic area, 0.56 cm. | 21 
11 41 0 0 | 12 
12 56 0 +3 | Edemic and hyperemic area, 7.5 cm. 24 
13 40 0 | + | Very slight area of hyperemia 21 
20 40 0 | -+% | Edemic and hyperemic area, 6.5 by | 10 
7.5 cm. 
31 37 | 0 +1 | Edemic and hyperemic area, 0.7 cm. 5 


TABLE 3.—SHOWING INCIDENCE OF PosiTIVE SKIN REACTIONS IN CasES WITH 
EOSINOPHILIA, BUT WITHOUT SymMPTOMS WHEN First EXAMINED. 


Original Skin test. Eosinophil 
Case | eosinophil | : | eount at 
No. count, | Appearance of skin. time of 
per cent. | Control. | Test. | skin test, 
6 | 10 | 0 + | Very slight area of hyperemia 13 
8 | 26 0 +2 | Edemic and hyperemic area, 5 cm. 12 
16 | 9 0 . Very slight area of hyperemia 9 
21 | 11 0 2 
23 | 9 0 +2 |Edemic and hyperemic area, 2 by 3 cm. 1 
27 | 12 | 0 +2 Edemic and hyperemic area, 2 by 2 cm. 5 
| | 


TABLE 4.—SHOWING INCIDENCE OF PosITIVE SKIN REACTIONS IN CasES WITHOUT 
EOSINOPHILIA WHEN First EXAMINED BUT DEVELOPING EOSINOPHILIA 
LATER WITH OR WITHOUT SYMPTOMATIC MANIFESTATIONS. 


Uriginal Later Skinztest. 


Case | eosinophil | eosinophil 
No. count, count, Remarks. 


per cent. | percent. |Control. Test. 


7 5 22 0 atc 
15 5 10 0 0 | 
22 1 17 0 +3 | Edemic and hyperemic area, 6 by 3.5 cm. 
30 6 9 0 0 
31 0 0 0 


10 


Group D, shown in Table 5 and consisting of 10 individuals, 
presented definitely positive skin reactions in 2 (20 per cent). 
In view of the fact that eosinophilia is rather constantly associated 
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with trichinosis, as a rule in degree proportionate to the numerical 
magnitude of the larval dissemination and to the intensity of the 
symptomatic manifestations; and as it is a procedure always feasible 
and easily carried out, whereas the Bachman test requires an antigen 
not easily prepared, it is both of interest and practical importance 
to compare the results obtained by both methods. 


TABLE 5.—SHOWING INCIDENCE OF PosITIVE SKIN REACTIONS IN CASES WITHOUT 
EOSINOPHILIA OR SYMPTOMS. 


Original Later | Skin test 
Case | eosinophil | eosinophil | a 
No. count, count, | Remarks. 
per cent. | per cent. | Control.| Test. 
17 3 2 aan. 0 
24 2 3 S.. +3 | Edemic and hyperemic area 4 by 4.5 cm. 
25 1 3 ie... +1! | Edemic and hyperemic area, 1.5 cm. 
26 2 2 |} O 0 
27 0 1 0 0 
28 1 0 0 0 
29 0 0 0 0 
32 2 2 0 0 
33 0 2 0 0 
} 


The results of such a comparison are shown in Table 6 in which 
the eosinophil counts at both examinations are contrasted with the 
results of the skin test. 

From Table 6 it would appear that there is in general some paral- 
lelism between the occurrence of eosinophilia and positive skin 
reactions. This, however, applies only to the incidence and not to 
the intensity of the skin reactions as it is necessary, of course, to 
contrast the skin reactions particularly with the eosinophils shown 
at the time the skin tests were made. 

It is not to be expected that the two reactions should correspond 
exactly as they depend upon separate and differing mechanisms. 

Eosinophilia in trichinosis is regarded as a reaction to the toxin 
liberated by the trichine and the assumption is corroborated by 
the fact that eosinophilia occurs relatively early in the disease, 
appears in increasing degree with the dissemination and lodgment 
of the larvee in the muscles, and decreases with larval encystment, 
finally disappearing with larval calcification and death. 

While it is true that eosinophilia is a rather frequent concomitant 
of allergic reactions, its rise and fall in trichinosis suggests a response 
to toxin rather than a manifestation of allergy. 

The Bachman reaction, on the other hand, is regarded as an 
allergic manifestation of sensitization to the larval protein. 

If this assumption is correct, it would be reasonable to expect that 
the allergic reaction would be not only more delicate but more con- 
stant than eosinophilia for, whereas the elaboration of toxin occurs 
early, reaches a peak, and later declines, sensitization to larval 
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protein might be expected not only to occur early but to remain 
as a relatively permanent factor. 


TABLE 6.—SHOWING COMPARATIVE INCIDENCE OF SKIN REACTIONS 
AND EOSINOPHILIA. 


sie Eosinophil 

Original count at 

eosinophil time of 

Case count, . Skin skin test 

No. per cent. test. per cent. 
1 0 11 
2 0 5 
; 0 10 
+? 12 
3 0 2 

15 12 +? 

16 9 +? 1 
17 2 +3 3 
18 1 +! 3 
19 5 aa 22 
20 40 + 21 
21 11 0 17 
25 9 +! 9 
26 1 +3 17 
28 11 0 2 
30 0 0 2 
31 37 1 5 
33 6 0 9 
34 0 0 0 
36 2 0 2 
37 0 0 10 
38 0 0 1 
39 1 0 0 
40 0 2 


This supposition, however, is not supported by the data presented 
in the table. 

In Case 1, for example, while the initial eosinophilia of 40 per 
cent had dropped to 12 per cent at the time of the skin test, the 
latter was negative. In Case 7, with an eosinophil count rising from 
5 to 22 per cent, the skin test was indefinite (+). In both instances 
the presence of eosinophilia and the history furnish indisputable 
evidence of the dissemination of trichina larve, and hence of presum- 
able sensitization to trichina protein of which, however, evidence 
by means of the skin reaction was either absent or indefinite. Other 
illustrations of lack of correspondence are seen in the table and 
need not be detailed. 

The particular point of the investigation was to determine, if 
possible, if the skin test presented any practical superiority over 
the demonstration of eosinophilia in the study and diagnosis of 
human trichinosis, which the results herewith reported do not 
demonstrate. 
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Whether or not the skin reaction may prove of practical value 
in veterinary medicine as a means of detecting trichinous animals 
remains for others to determine. 

In the study of this disease in the human being the demonstration 
of eosinophilia furnishes a reliable and constant index of larval 
dissemination over which the demonstration of skin sensitivity to 
the larval protein appears to have no marked advantage. 

The skin test also has certain technical disadvantages which do 
not apply to the demonstration of eosinophilia, smears for which 
can always be made at any time by anyone, the study of which 
does not require any further effort or codperation on the part of the 
patient. 

Summary. The results of the application of Bachman’s skin test 
applied to 33 individuals exposed to trichinosis are reported and 
analyzed, from which it is concluded that in the study of human 
trichinosis: 

1. The demonstration of eosinophilia is not only technically 
simpler than the demonstration of the skin test, but always feasible, 
whereas the skin test, requiring an antigen difficult to prepare, is 
feasible only when the antigen is available. 

2. In point of delicacy and constancy of appearance eosinophilia 
serves as a reliable index of trichinosis in the human being. 

3. The Bachman skin test in the study of human trichinosis pre- 
sents no practical advantages over the demonstration of eosino- 
philia. 
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THE SERUM PROTEINS IN DISEASES NOT PRIMARILY 
AFFECTING THE CARDIOVASCULAR SYSTEM OR 
KIDNEYS. 


By Joun P. Perers, M.D., 


AND 


ANNA J. EISENMAN, Pu.D., 
NEW HAVEN, CONN. 


(From the Department of Internal Medicine of Yale University and the Medical 
Service of the New Haven Hospital.) 


In the course of the last 10 years, in connection with various stud- 
ies that have been made in this department, a large number of serum 
protein determinations has been made, by methods already de- 
scribed, on patients without diseases of the cardiovascular or renal 
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systems. It seemed that analysis of these data might throw some 
light on the origin and functions of the protein fractions. 

At present the concentrations of protein and its fractions in the 
serum are known to be affected by a certain limited number of 
physiologic variants. It is recognized that, because of their inability 
to traverse the normal capillary membranes, proteins are subject 
to fluctuations as a result of changes of hemoconcentration. If, 
through injury, the impermeability of the capillary walls becomes 
impaired so that protein seeps into the interstitial fluids, the serum 
proteins will fall.7 * 2! Fluctuations due to these causes may attain 
considerable magnitude, but are of necessity self-limited and transi- 
tory. In alterations of protein concentration resulting from changes 
of hemoconcentration both protein fractions are equally affected; 
while in those referable to changes of vascular permeability, albumin, 
because of its smaller molecular size, should suffer most. 

When serum protein as such is lost from the body in the urine or 
in exudates, or is withdrawn by plasmapheresis, the total protein 
concentration falls. Regeneration is, however, effected with extreme 
rapidity unless drainage of the serum is constantly maintained or is 
repeated at intervals.® 4° 6* 68 76 There is no complete unanimity 
of opinion concerning the relative rates of regeneration of the two 
protein fractions, possibly because uniform experimental conditions 
have not been maintained by all observers. Proteinuria leads 
especially to albumin depletion because this is the protein fraction 
which is chiefly lost, probably on account of its smaller molecular 
size. 

Malnutrition, or more exactly, protein starvation, results in hypo- 
proteinemia in which, again, albumin is chiefly affected.® 1° 2% *4 
37 42 43 64 74 75 The serum protein depletion, like the body protein 
loss from which it arises, can be retarded and mitigated by the 
administration of large quantities of fat and carbohydrate; however, 
regeneration of the serum proteins can be accomplished only when 
enough protein is added to the diet to permit restoration of the 
previously wasted body protein.'® 28 # 4 74 Tt would seem quite 
possible under these circumstances for both body protein depletion 
and hypoproteinemia to coexist with obesity in subjects who had 
undergone wasting with an inadequate protein intake, either for 
therapeutic purposes or in the course of disease.™ 

Whether circulating proteins have a direct nutritive function 
and can be utilized by the cells, is uncertain; but the recognized 
impermeability of the cell membrane to protein renders it extremely 
unlikely. 

Increases of serum globulin are encountered in a variety of infec- 
tious diseases.” 14 29 37 44 45 56 63 65 67 7L 73 77 78 This and the 
close association of certain antibodies with particular globulin 
fractions has given rise to much speculation concerning the relation 
of this fraction to immune reactions. In certain types of infections, 
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especially syphilis,5*6 kala azar‘ 778 and _ schistosomiasis 
japonica‘’ hyperglobulinemia may attain extreme limits. Increases 
are further reported to accompany carcinoma.”® * In some cases 
of myelomatosis extraordinarily high figures have been reported. 
42530 52 Jn cirrhosis and certain other diseases of the liver high 
globulin is also frequently encountered.! *7 7 77 Hypotheses con- 
cerning the origin of globulin have been developed on the basis of 
these pathologic disturbances. 

The function of the serum proteins which will be the chief concern 
of this paper is the protein osmotic pressure and its relation to the 
theory of transudation and edema formation proposed by Starling®® 
which postulates that the interchange of fluid between the blood 
and the tissues (or interstitial fluids) is determined by the balance 
between the hydrostatic force of the capillary blood pressure, favor- 
ing transudation, and the osmotic pressure of the plasma colloids, 
especially the proteins, which tends to prevent passage of fluid out 
of the blood in the capillaries and to draw it into the blood from the 
interstitial spaces. The theory has received strong support from 
experimental study and from clinical investigations of nephritis, 
in which a close correlation between edema formation and serum 
albumin concentration has been demonstrated." 15 50 51 54 6 Qn 
the other hand, objections have been raised to the theory on the 
ground that the correlation between edema and the serum protein 
or serum albumin level in conditions other than nephritis is less 
satisfactory and because in certain cases of nephritis alterations of 
proteins or of water balance occur independently of one an- 
other."' 1° 37 Jt must be recognized, however, that this theory 
does not postulate exact correlation between serum colloid osmotic 
pressure and transudation, but a reversible equilibrium reaction 
in which the balance of the fluid exchange between blood and tissues 
is determined by the relative magnitudes of hydrostatic and colloid 
osmotic pressures. In measurements of this equilibrium, attention 
has been focussed upon colloid osmotic pressure because it is sus- 
ceptible to accurate estimation and is relatively uniform throughout 
the body. Even if the capillary blood pressure could be measured 
with equal facility and accuracy in any single capillary bed, no infer- 
ences could be made from such measurements concerning capillary 
pressure in general, because of the unpredictable differences and 
fluctuations of capillary pressure in various organs and tissues of the 
body. Even if the balance of hydrostatic and colloid osmotic forces 
favors transudation, edema does not necessarily result, because 
reabsorption into the blood stream is not the only channel for escape 
of interstitial fluid; it may return to the blood through the lymph; 
nor, once started, does the process of transudation progress indefin- 
itely. Weech’® found that in both plasmapheresis and protein 
starvation the shift of fluid to the tissues increased gradually as the 
proteins fell and that the appearance of frank edema only marked 
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the point where the accumulation of fluid in the interstitial spaces 
became obvious to the physical senses of the observer. Presumably, 
lymph flow is augmented by passage of fluid from the bloodvessels. 
Landis and Gibson**® demonstrated that the volume of fluid which 
could be driven into the tissues of a limb by obstructing the venous 
return was self-limited and varied with the capillary pressure pro- 
duced. The limiting factor in this case may be the elasticity or 
resistance to expansion of the tissues themselves, which may also 
be instrumental under other circumstances in accelerating lymphatic 
drainage. Weech, Snelling and Goettsch’* found that in malnutri- 
tion, edema appeared before the serum proteins had fallen to a level 
low enough to yield edema after plasmapheresis. He drew the 
reasonable inference that the inelastic subcutaneous tissues of the 
malnutrition victim offered less resistance to expansion by fluid 
than the well-preserved firm tissues of the plasmapheresis animals. 
Finally alterations of vascular permeability must be taken into 
consideration and it must be appreciated that they may result from 
mere changes of vascular tone as well as from actual injury of the 
capillary walls. Their effect is not to accelerate leakage of water 
from the vessels directly (this may equally well take place in both 
directions); but to allow colloids to escape and thus to reduce the 
effective colloid osmotic pressure in the blood stream, which is 
determined not by the concentration of colloids in the plasma but 
by the difference between the colloid concentration in the plasma 
and that in the interstitial fluids surrounding the capillaries. 

The forces controlling the passage of fluid between capillaries 
and tissues are, then: 


Favoring transudation. Opposing transudation. 
Capillary blood pressure. Tissue resistance. 
Colloid osmotic pressure Colloid osmotic pressure of 
of interstitial fluids. plasma. 


In addition one must recognize that the extent of fluid accumulation 
and the collection of edema are probably influenced by tissue resist- 
ance and the rate of lymph drainage. The recognition of the influ- 
ence of these additional forces in no way violates the principles of 
Starling’s theory. 

The exact purpose of the present analysis might best be defined: 
(1) as an attempt to learn how far the abnormalities of serum pro- 
teins in a variety of diseases can be attributed to the general physio- 
logic influences mentioned above, and to what extent they must be 
ascribed to specific disturbances referable to the particular diseases 
under consideration; (2) to study the relation of edema to serum 
protein concentrations in order to determine how far its appearance 
in non-renal diseases is compatible with the Starling theory. 

In this analysis the results of certain studies on individual sub- 
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jects are used for more than one purpose. For example, among the 
diabetics were subjects suffering from carcinoma, tuberculosis, 
anemia, liver diseases and a variety of other disorders. ‘Other 
instances of overlapping are common. It is obvious that determina- 
tions on such patients cannot be relegated arbitrarily to a single 
category, but must be analyzed in the light of every disorder which 
the subjects exhibited. Altogether, the data under consideration 
included 542 determinations of total proteins from 374 patients, 
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Fic. 1,—The proteins of the serum of normal adults. Solid squares represent males; 


with 332 determinations of protein fractions from 215 patients. 
From this list are excluded all patients with nephritis, uncompli- 
cated heart disease and diabetes with acidosis. 

The Concentration of Proteins in the Serum of Normal Persons. 
Before proceeding to the examination of the data from patients it 
may be well to define the limits of variation in normal human sub- 
jects as accurately as possible. Figure 1 shows the concentrations 
of protein and protein fractions found in the serum of normal indi- 
viduals (physicians, nurses, medical students and laboratory workers) 
in this laboratory. Analyses were made by the modification of the 
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method of Howe described by Bruckman, D’Esopo and Peters.° 
The 109 total protein determinations from 52 individuals fall 
between the limits of 5.7 and 8 per cent. All but 4 are above 6.1 
per cent and 90 per cent lie between 6.3 and 7.7. All the individuals 
who had proteins below 6 per cent, on other occasions had higher 
concentrations. Fifty albumin determinations from 34 subjects 
varied from 4.1 to 6.1 per cent. Of these only 1 lay above 5.5 per 
cent. Globulin varied from 0.9 to 3 per cent with only 1 analysis 
below 1.4 per cent. The 4 values above 2.5 per cent are, further- 
more, scattered. It would seem justifiable from these data to accept 
as the limits of normal variation for total protein 6 to 8 per cent, for 
albumin 4 to 5.5 per cent, and for globulin 1.4 to 3 per cent. Per- 
haps the upper limit for globulin should be set at 2.5 per cent. 
This fraction is so largely influenced by inflammatory processes 
that it is not improbable that the scattered values above this point 
represent effects of mild infections, especially of the respiratory 
tract. This impression is supported by the fact that the high values 
were all secured in the months of December, January and February. 
Moreover, there is a distinct suggestion in Figure 2 that in the winter 
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Fic. 2.—Seasonal variations of normal serum proteins. 


months high values are more common. In the months of November 
to April, inclusive, in 7 out of 28 observations globulin exceeded 2.3 
per cent, whereas in the remaining 6 months only 1 of 21 lay above 
this point and this subject is known to have had a severe cold at the 
time the blood was analyzed. It would seem likely, then, that the 
range of variation of globulin in absolutely healthy subjects is 
more restricted than the limits set above. However, considering 
the prevalence of mild respiratory infections in this climate it is 
hardly safe to attach any especial importance to globulin values 
between the limits which have been mentioned, 1.4 to 3 per cent. 
These limits are in general agreement with those which have been 
found by other observers who have employed acceptable 
methods." 26 35 37 41 77 Starlinger and his associates” give some- 
what higher globulin and lower albumin figures. ‘However, their 
subjects were not in the strictest sense normal, but patients suffering 
from minor conditions which they believed would have little effect on 


serum proteins. As the commonest serum protein disturbances 
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encountered in pathologic conditions are increase of globulin and 
decrease of albumin their values should be expected to differ, as 
they do, from those of other observers. 

In an earlier paper® it was suggested that total protein and glo- 
bulin were usually higher in females than males. With the collec- 
tion of further analyses this sex distinction is no longer apparent. 
It seems likely that the erroneous impression was referable to the 
seasonal effect noted above, the earlier studies on women having 
been made chiefly in the winter months. 

In man? “8 as well as in other animals” it has been found that 
the concentrations of total protein and the protein fractions, espe- 
cially globulin, are lower at birth than in adult life. The degree of 
reduction and the rate of increase with growth have been imper- 
fectly defined. Although the present paper deals almost entirely 
with data secured from adults and adolescents, for the sake of other 
observers it may be useful to add certain determinations on infants 
which have been made available through the kindness of Dr. Dan 
C. Darrow, in whose laboratory they were made. 


Number of Total protein, Albumin, Globulin, 

Age. observations. per cent. per cent. per cent. 
Premature . . . 26 4.94 + 0.59 3.58 += 0.46 1.18 + 0.71 
First 2 weeks . . 20 5.52 = 0.58 3.73 « 0.31 1.78 + 0.45 
5to8months . . 14 6.29 = 0.33 4.28 += 0.38 2.01 += 0.34 


These figures do not give a complete picture of the curve of protein 
development. They do indicate that as early as the middle of the 
first year of life the total proteins and fractions have risen into the 
lower limits of the range of adult values. 

Although direct determinations of protein osmotic pressure have 
not been included in this study, they have been estimated whenever 
fractions were determined by the factors of Govaerts” who has 
estimated that albumin exerts an osmotic pressure of 5.5 mm. Hg 
and globulin 1.4 mm. Hg for every per cent of protein in normal 
serum. By direct measurements the colloid osmotic pressure of the 
serum of normal adults has been found to vary between 20 and 
32 mm. Hg." '5 26 31 38 61 = Although the estimated values given for 
normals in Figure 1 have no absolute value, they fall within the 
usually recognized range and may serve for comparative purposes. 
According to these the lower limit is 26 mm. Hg, with the great 
majority above 28 mm. Hg. When serum is diluted the colloid 
osmotic pressure falls more rapidly than the serum proteins, 7. ¢., 
the specific osmotic pressure of the proteins diminishes.'® *! 36 46 ” 
For this reason when proteins are low, as they are in many of the 
pathologic cases, the values given for osmotic pressure are too high. 
However, because they serve to indicate relative values no attempt 
has been made to correct them by the formule proposed by Verney,” 
Fishberg'® and others. 
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Diabetes. ‘The relation of hypoproteinemia to malnutrition in 
diabetes, as well as the hyperproteinemia that accompanies the 
hemoconcentration of diabetic acidosis, has been discussed in pre- 
vious papers from this department.? ® Since the earlier of these 
articles, however, a far larger body of data has been collected. 
This is presented in Figure 3. None of the cases included in this 
series had acidosis or had recently suffered from it, although, as is 
usual in hospital cases, almost all had some complication which had 
temporarily, at least, aggravated their diabetic conditions. Total 
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Fie. 3.—The serum proteins of patients with diabetes. Heavily outlined squares 
indicate the presence of edema. Normal limits of variation are marked by the broken 
vertical lines. 


proteins were determined 117 times in 78 patients, fractions 78 
times in 50 patients. Total proteins were low 34 times, high only 
once. This last patient was well nourished, and had a mild diabetes 
complicated by an ulcer of the foot. Unfortunately, his protein 
fractions were not determined. 

Of the 34 low proteins, all but 7 occurred in patients who were 
obviously malnourished. Of these 7, 2 can be dismissed briefly. 
Although the total proteins were only 5.73 and 5.93 per cent respec- 
tively, albumin was 4.19 and 4.20, within normal limits; the hypo- 
proteinemia resulted from the fact that globulin was 1.54 and 1.73, 
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at the lower limit of normal. Total proteins of 4.95 per cent were 
found in an obese old woman, suffering from obstruction of the 
common bile duct. She had been admitted the night before, after 
3 days of increasing jaundice and continued vomiting, dehydrated 
and in shock, with proteins 6.05 per cent. The second determina- 
tion was made the following morning after she had received large 
amounts of fluid subcutaneously and intravenously, but still 
remained in the condition of surgical shock. The 3 days of starva- 
tion may have played some part in the protein reduction; but it is 
more probable that this was referable chiefly to the state of shock. 
In this condition it has been demonstrated that the vessels permit 
the escape of protein from the blood stream’ * *' and that intraven- 
ous administration of fluids, if it does not overcome the shock, only 
washes the proteins out more rapidly.’ * Two other patients with 
proteins of 5.98 and 5.96, just below the normal limits, although 
not strictly malnourished, had lost considerable weight. 

The remaining two deserve especial consideration. Both, though 
distinctly obese, had suffered from serious infections, associated 
with anorexia and nausea which had, for long periods, forced them 
to subsist on diets far below maintenance standards. One was 
convalescing from a protracted bronchopneumonia; the other, in 
addition to arteriosclerotic heart disease with congestive heart 
failure, had pneumonia and empyema. Both had subsisted for 
long periods on diets extremely low in proteins and calories and, in 
view of their infections, there can be little doubt that they had 
wasted large amounts of body proteins. The question of malnutri- 
tion under such conditions becomes one of definition. Evidence 
points to the fact that the serum albumin reduction of malnutrition 
is referable to protein wastage, which these patients undoubtedly 
had. It is conceivable that subjects possessing unusually large 
stores of fat, if deprived of protein and given insufficient calories, 
especially if they were subjected to an infection which caused specific 
protein destruction, might deplete their body proteins more rapidly 
than their excess fat stores. In this case malnutrition, if defined as 
a state in which body protein is depleted, could coexist with obesity. 

Albumin was abnormally low 45 times, high only twice. The 
last two were 5.59 and 5.65, just above the upper normal limit. Of 
the low values only 6 were observed in patients without obvious 
malnutrition. Of these 3 have been mentioned among the patients 
with low proteins with malnutrition: the patient with biliary cir- 
rhosis and the 2 obese patients who had wasted because of infections 
and anorexia. Three more obese subjects of the same kind had low 
albumin. One had congestive failure and an ulcer of the toe; the 
second heart failure and bronchopneumonia. The third, admitted 
because of a coronary occlusion, although still decidedly obese, had 
recently lost 40 pounds of weight. 

The rise of serum albumin with improvement of nutrition was 
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demonstrated in an earlier article. Essentially similar results have 
been found in additional cases, as well as a steady fall of albumin in 
patients with continuous wasting. Before it is possible to conclude 
that malnutrition is alone responsible for albumin reductions, it 
must be shown that patients with high albumin are free from mal- 
nutrition. This point is more difficult to establish for several reasons, 
especially in diabetes. In 9 of the 31 instances in which albumin 
was normal or above normal, some degree of malnutrition was 
mentioned in the case records. One of these subjects, with albumin 
4.46 per cent, a fractured femur and pleurisy with effusion, was 
thin and had lost considerable weight in the course of the preceding 
10 years, during which he had been treated for diabetes; but had 
good musculature and firm, elastic skin and subcutaneous tissues. 
His diabetes had been well controlled, for a few days immediately 
following his fracture, and he had eaten sufficient food until the 
development of a pleural effusion about 3 days before the blood 
examination. His condition seemed to be one of leanness rather 
than malnutrition and serves to illustrate again the difficulty of 
evaluating the nutritive state. Another of the group, with pulmo- 
nary tuberculosis and serum albumin 5.19, was obviously emaciated. 
However, he had already improved greatly under treatment and 
gained 6 pounds. In our own work,?® as in the studies of famine 
edema made by Weech and Ling,” 7 it has been noted that, with 
improvement in nutrition, serum albumin rises more rapidly than 
body weight, and may reach the normal level while there is still 
evident emaciation. Two other subjects with albumin 4.02 and 
4.67 respectively were dehydrated, the former, with advanced 
tuberculosis, by reason of anorexia and vomiting which prevented 
him from taking fluids, the other because of diarrhea. Two patients, 
one with a gluteal abscess and high fever, the other with hyper- 
thyroidism and cystitis, had considerable glycosuria at the time of 
the blood examinations. In these, also, dehydration and attendant 
hemoconcentration may have been responsible for the high albumin 
values. Although it is possible by such reasoning to explain the 
exceptions to the general rule that albumin falls with malnutrition 
(body protein wastage), it is difficult to escape the appearance of 
arguing purposefully. The possibility cannot be excluded that other 
influences which tend to increase albumin may in some of these 
cases have been sufficiently active to overcome the effects of protein 
starvation. As albumin concentrations are closely related to the 
nutritive state in the great majority of diabetics, this influence is 
probably not connected directly with diabetes. The complications 
from which the malnourished patients with high albumin suffered 
are so various that no common factor can be found among them. 
In contradistinction to the protein and albumin values, those for 
globulin are chiefly within normal limits. Four are abnormally low. 
One of these patients had a secondary anemia of unknown origin, 
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a second seemed to be suffering from nothing but a psychoneurotic 
condition. The remaining 2 had severe infections of the extremities 
with malnutrition. One had in addition massive edema and profuse 
albuminuria. There seems to be nothing to which the reductions 
of globulin can be definitely ascribed. It is of more than passing 
interest that the group should include 2 instances of severe infection, 
in view of the general tendency, mentioned above, for infections to 
be accompanied by high globulin. In this connection only one thing 
stands out clearly: although infections were seen at all globulin 
levels, globulin above the normal limits was observed only in the 
presence of infections. This suggests that infections increase globu- 
lin. It is impossible from these few observations to say whether 
this is true of only certain types of infections or whether other 
factors of an unknown nature have, in the exceptions to the general 
rule, prevented the usual globulin increases. 

It remains to examine the relation between serum proteins and 
the incidence of edema. In this connection Fig. 3 leaves no doubt 
that globulin can be summarily dismissed. Edema is seen with 
equal frequency at all globulin levels. With albumin below 3.1 
per cent, edema was lacking only once—in a malnourished patient 
with acute arthritis of the knee and glycosuria. Whether glycosuria 
or fever may have caused him to excrete fluid despite the low albu- 
min is subject for conjecture only. As albumin increases from 3.1 
to the lower normal limit, 4, edema occurs with diminishing fre- 
quency and only in the presence of some other factor which aggra- 
vates the tendency to transudation. In 8 of the 9 instances in 
which edema was observed with albumin between 3.2 and 4 per 
cent, there was associated arteriosclerotic heart disease with con- 
gestive heart failure. Direct evidence of the cardiac origin of the 
edema was secured in many of these cases by the ready response to 
digitalis. One patient, with proteins of 3.69, ascites and moderate 
edema of the lower extremities was suffering from cirrhosis. The 
two remaining observations were made on a boy without obvious 
complication other than malnutrition, who, having been urged to 
drink large amounts of fluid, voluntarily took from 4 to 6 liters of 
fluid a day, chiefly in the form of broth containing 1 per cent of 
NaCl. Although earlier with albumin 3.82 he had been free from 
edema, under this régime he gained 9 pounds in 11 days, in spite 


of the fact that, with improved nutrition, the albumin had risen 


to 3.95 per cent. This seems to be an illustration of the well- 
recognized fact that by a high salt and fluid intake edema can be 
produced at a protein level higher than that at which it is likely to 
occur spontaneously. 

Of the 8 instances in which edema was found with normal serum 
albumin 4 occurred in patients with arteriosclerotic heart disease 
and congestive failure. In a patient with hyperthyroidism the 
edema may also have been referable to heart failure. The other 
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3 are not so easily explained. One subject with advanced pulmonary 
tuberculosis and extreme emaciation had become dehydrated from 
inability to take fluids; another had a gluteal abscess which had 
been attended by high fever for a long period; the third was suffering 
from a severe secondary anemia of unknown origin. It is quite 
possible that these conditions may have given rise to circulatory 
insufficiency, although there were no frank signs of heart failure. 
However, it may be just as well to admit that the edema in these 
cases is inexplicable. After all, considering the difficulties of evaluat- 
ing the circulatory state, it is not surprising that in 3 instances out 
of 78 the findings should not conform exactly to the Starling theory. 

Concerning the total proteins little need be said. The relation of 
edema and malnutrition to total protein is less definite than that to 
albumin because of the frequent coincidence of low albumin and 
high globulin. For the same reason protein is less often deficient 
than albumin. 

Strictly speaking, neither albumin nor globulin alone should be 
related to edema, but rather the colloid osmotic pressure of the 
serum, which is the sum of the effects of two fractions. The correla- 
tion between edema and estimated osmotic pressure is quite definite, 
with the same exceptions which were noted in the discussion of 
albumin figures above. However, it is not notably better than the 
correlation with albumin. The reason for this presumably lies in 
the fact that the specific osmotic pressure of albumin is 4 times as 
great as that of globulin. Therefore, only extreme changes of 
globulin have any considerable influence upon osmotic pressure. 

On the whole, then, there is little or nothing to indicate that 
diabetes per se has any effect upon the concentrations of protein 
and protein fractions in the serum. Dehydration may raise both 
fractions. Reduction of protein and albumin can be traced almost 
invariably to malnutrition, increases of globulin, to the influence of 
infections. It should be mentioned that albuminuria of serious 
degree was present in only 5 instances and therefore can have 
played no part in the production of albumin deficiencies in the 
great majority of cases. The appearance of edema, finally, in 75 
out of 78 observations, followed the predictions of the Starling 
theory inasmuch as it occurred only when the values for serum albu- 
min and colloid osmotic pressure were reduced considerably below 
the normal limits, unless there was some complication which would 
tend to increase capillary pressure. 

Neoplasms. ‘Total proteins were determined 65 times in 47 
patients and protein fractions 51 times in 35 patients afflicted with 
various neoplasms, mostly malignant (Fig. 4). The statements of 
Galehr® and Kennaway® that globulin is usually increased in 
carcinoma is hardly substantiated by these data. There are, to 
be sure, no abnormally low values and there is a considerable 
number of very high values; but of the latter all but one occurred 
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in 2 cases of general myelomatosis, the other in a patient with hyper- 
nephroma. Of the 3 values slightly above normal (between 3 and 
3.5), one was from a patient with carcinoma of the breast with 
extensive metastases; the other 2 were found in dehydrated sub- 
jects (1 with carcinoma of the stomach and pyloric obstruction, 
the other with diabetes insipidus), and may have been referable only 
to hemoconcentration. Furthermore, 6 of the 14 observations in 
which globulin was in the upper normal range were made on patients 
with carcinoma of the gastro-intestinal tract with obstruction and 
dehydration. Many other patients in the lower ranges had similar 
conditions. If, then, due account is taken of the effects of hemo- 
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Fic. 4.—The serum proteins of patients with neoplasms. Heavily outlined squares 
indicate the presence of edema. Limits of normal variation are marked by the 
broken vertical lines. The globulin and total protein scales, above 5.5 and 8 per 
cent respectively, are reduced to permit inclusion of the myeloma case. 


concentration, the tendency to hyperglobulinemia in carcinoma is 
even less evident than the figure would indicate. In fact, excessive 
serum globulin seems to attend especial types of tumors rather than 
carcinoma in general. 

Extremely high serum globulin values have been reported in 
myelomatosis by Bannick and Greene,* Kumpf,*’ Perlzweig, Del Rue 
and Geschickter,®? Jores,*° and others, which has given rise to theo- 
rizing about the origin of both Bence-Jones protein and serum glob- 
ulin. The fact that, of the only other 2 patients with high globulin 
not referable to hemoconcentration, one had extensive bone metas- 
tases and the other hypernephroma which so commonly metastasizes 
to bone, suggests something more than a casual relation between 


| 
| 5 Albumin ! 
| 
# 
| | 
; 
i 


PETERS, EISENMAN: THE SERUM PROTEIN DISEASES 821 


the site of these tumors in the bone marrow and the globulin 
increases. On the other hand, this series contains several other 
bone tumors, both primary and secondary, with normal globulin. 
Moreover, normal,‘ 24 2° indeed even low,?5 serum globulin has 
been reported in cases of true myeloma. At present, then, it is 
impossible to do more than recognize the association of hyper- 
globulinemia with certain cases of myelomatosis as an aid in diag- 
nosis. The patient in Fig. 4 with the highest globulin excreted no 
Bence-Jones protein. The general rarefaction of the bones with 
hypercalcemia had led to the diagnosis of hyperparathyroidism. 
The presence of a high color index anemia which did not respond 
to therapy together with the high serum globulin gave a clue to the 
proper diagnosis, which was verified at autopsy. It may be added 
that the most painstaking search revealed no adenoma nor hyper- 
plasia of the parathyroid glands. 

Low serum albumin is common,® *7 but, as in diabetes, is rarely 
found without obvious malnutrition, in this series only 6 times out 
of 36. Three of these were in obese patients who had recently lost 
much weight: the first had melanotic sarcoma with extensive metas- 
tases; the second, a tumor of the right kidney, jaundice and extreme 
anorexia; the third, a carcinoma of the breast and extensive bone 
metastases. Two were from a patient with syphilitic heart disease, 
congestive heart failure and carcinoma of the prostate with metas- 
tases to the lungs, who was still apparently well nourished but had 
also lost weight. The remaining patient had pernicious anemia 
as well as prostatic carcinoma. With the possible exception of this 
last case there is nothing to suggest that the albumin reductions 
need be attributed to any effects of carcinoma other than its influence 
on nutrition. On 3 occasions albumin was normal in the presence 
of obvious malnutrition. All these subjects were distinctly dehy- 
drated: one with carcinoma of the pancreas, one with carcinoma 
of the esophagus, and the third by a diabetes insipidus. 

It is surprising to find edema in only 1 of 11 instances when albu- 
min lay below 3 per cent. The reasons are not hard to find. Three 
of the other observations were made on patients with complete 
pyloric obstruction and extreme dehydration. The remainder are 
from one of the patients with myeloma. In this case, although 
albumin was reduced to the level at which edema would ordinarily 
be expected, globulin was so greatly elevated that the colloid osmotic 
pressure, as can be seen at the bottom of the figure, was within 
normal limits. Edema occurred with normal albumin only twice, 
in patients with obvious heart failure; and, with albumin between 
3.5 and 4, once in association with pernicious anemia, once in the 
presence of heart failure, and once in a patient with suppression 
of urine who had received large quantities of saline subcutaneously. 

The total protein figures are chiefly valuable in illustrating the 
lack of correlation between total protein values and the nutritive 
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state in conditions in which, for some reason, globulin is elevated. 
The colloid osmotic pressure figures, as has been mentioned, explain 
the absence of edema in the malnourished myeloma case with low 
serum albumin. Again the absence of edema at low osmotic pres- 
sures is referable to dehydration in patients with vomiting due to 
carcinoma of the gastro-intestinal tract. 

The results in general lend little support to the views that malig- 
nant tumors have any consistent effect on serum protein or its 
fractions, with the single exception of the globulin increases found 
with certain peculiar neoplasms, and especially myelomatosis. The 
theory of Starling adequately explains the incidence of edema. 
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Fic. 5.—The serum proteins of patients with infections. Heavily outlined squares 
indicate the presence of edema. Limits of normal variation are marked by the broken 
vertical lines. The total protein scale is reduced above 8 per cent. 


Infections. In various kinds of infections total proteins were 
determined 102 times in 83 subjects, protein fractions 62 times in 
50 subjects (Fig. 5). Although globulin is never low and frequently 
exceedingly high, a large proportion of the determinations lie within 
normal limits. Because the actual purpose of the investigation was 
to secure data from patients with high albumin and low globulin, 
undue emphasis has been laid upon tuberculosis and syphilis, which 
make up.more than half the observations. 

In the latter disease especially high values (the 3 above 5 per 
cent) were found in a patient with extreme gummatous ulceration 
of the pharynx together with pulmonary tuberculosis and in a 
patient with congenital syphilis involving the liver, bones and central 
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nervous system. ‘The other high value, 3.04, was from another 
subject with syphilitic ulceration of the pharynx. In the few other 
cases with non-ulcerative lesions and in a group with syphilitic 
aortitis and heart failure not included in this series, globulin was 
normal. Among the tuberculous the highest globulins were found 
in the case mentioned above who also had syphilis; a value of 5.67 
in a patient with a lesion of the thoracic vertebre and a cold abscess; 
4.69 in a patient with extensive pulmonary cavitation. With 3 
exceptions the remainder were associated with advanced ulcera- 
tive lesions of one kind or another. Of the 3 exceptions 2 had pleu- 
risy with effusion and the third an acute tuberculous pericarditis. 
Among those with miscellaneous infections, globulin above the 
normal limits was observed only in patients with frankly suppura- 
tive or ulcerative lesions; twice with empyema, 3 times with gan- 
grenous ulcerations of the lower extremities, once in a boy with a 
long-standing gluteal abscess. To these might possibly be added 2 
patients with ulcerative colitis, but their marked dehydration may 
have been responsible. With the limitation admitted above, they 
suggest that the most striking globulin increases result from chronic 
suppurative infections. Only to this extent do they seem to have 
the evil prognostic significance which has been attributed to them 
by certain observers.? 27 Hyperglobulinemia also seems to be 
especially characteristic of certain specific types of infections,*7 °7 78 
among which ulcerative tuberculosis and syphilis must be ranked.? 78 

Reduction of albumin appears to be a far less consistent effect 
of infections than the literature would lead one to believe and, when 
it does occur, seems to be almost invariably associated with mal- 
nutrition. Malnutrition is, however, found with surprising fre- 
quency without any reduction of albumin, although it becomes 
less common as albumin increases. The definition of malnutrition 
is extremely difficult in the diseases under consideration. Often 
determinations were made at a time when emaciation was still 
extreme, but appetite had returned and restoration of tissues had 
already begun. For example, one case who is marked as mal- 
nourished was convalescing from typhoid fever. With a normal 
temperature she was eating 3500 calories daily. Her serum albumin, 
which during the active stage of the disease had been 2.78 per cent, 
had risen to 4.01 per cent. Similar cases are common and add to 
the impression that the serum albumin in malnutrition returns to 
the normal level before tissue proteins have been completely 
restored. In other cases, too numerous to catalog in detail, fever, 
diarrhea, vomiting or other symptoms have caused dehydration and 
hemoconcentration. 

Edema is found in more than half the cases with serum albumin 
below 3.1 per cent and invariably when the colloid osmotic pressure 
is less than 20 mm. Hg. Again the complexity of the clinical con- 
ditions renders exact analysis of the low albumin cases without 
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edema and the high albumin cases with edema difficult. In the 
majority of instances, however, the factors which have been men- 
tioned in analyses of diabetic and tumor cases, especially dehydration 
and circulatory failure seem to afford adequate explanations for 
the exceptions to the general rules connecting edema with serum 
albumin. 

The fallacy of attempting to correlate functional disturbances with 
total protein concentrations is well illustrated in some of the cases 
with high globulin and low albumin, yielding normal or high total 
protein values. 

Although the miscellaneous nature of the data is confusing, the 
general impression which they yield is that infections of certain 
types evoke an overproduction of globulin or at least a greater 
mobilization of globulin into the blood stream. Albumin suffers 
depletion only if there is malnutrition. Edema develops if the 
colloid osmotic pressure falls below a certain point if the water 
stores of the body are not depleted by diarrhea, vomiting or other 
dehydrating influences. It may also be precipitated by circulatory 
failure or stasis. In this connection one case deserves especial 
mention. The patient with pulmonary, intestinal and vertebral 
tuberculosis had massive edema below the waist and serum albumin 
of 2.87 per cent. Somewhat later albumin rose to 3.66, but the 
edema remained unchanged. At autopsy he was found to have 
partial obstruction of the vena cava. Ito, Seki and Nakazawa?’ 
have ascribed the albumin deficiency to leakage of proteins through 
damaged capillaries. If such hypothetical leakage does occur, it 
must be self-limited because the proteins will presumably find their 
way back to the blood stream through the lymph. Moreover, if 
such seepage were great the colloid osmotic pressure of the inter- 
stitial fluids should rise to such an extent that edema would develop 
at relatively high protein levels. Of this there is no evidence in the 
figure. 

Anemia. ‘The results of examinations of patients with anemia 
are presented in Fig. 6. Anemia is here defined as a condition in 
which hemoglobin is less than 70 per cent, or oxygen capacity less 
than the corresponding concentration, 14.6 vols. per cent. All 
but 8 of the determinations of fractions (from 6 cases) and all but 
21 of the total protein determinations (from 15 cases) are included 
under other categories in other figures. The figure does not give an 
accurate picture of the serum protein concentrations in anemia 
because the data were not collected primarily for this purpose. 
The cases were selected chiefly to investigate the causes of edema 
and the effects of malnutrition. There are, however, enough adven- 
titious observations to make it extremely doubtful whether anemia, 
either primary or secondary, is attended by any consistent altera- 
tion of the concentration of protein or its fractions. 

The cases with high globulin are chiefly represented by those with 
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infections or neoplasms which have already been mentioned (the 
myeloma cases should properly be included, but have been omitted). 
Low globulin was seen in one case with profound pernicious anemia. 
Albumin is frequently reduced, but seldom when there are not frank 
signs of malnutrition. The occurrence of malnutrition with normal 
albumin values may, as in infections, indicate chiefly the impos- 
sibility of estimating or defining this condition. 

Perhaps the most striking difference between this figure and pre- 
vious ones is the greater frequency of edema at low albumin levels 
and the apparently higher level at which the line between edematous 
and non-edematous patients is drawn. In point of fact in only 4 
instances was edema absent when albumin was below 3.9 per cent, 
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Fic. 6.—The serum proteins of patients with anemia. Heavily outlined squares 
indicate the presence of edema. Limits of normal variation are marked by the broken 
vertical lines. The total protein scale is reduced above 8 per cent. 


whereas in the other conditions a sharper line of demarcation has 
been about 0.8 per cent lower. Of the 4 exceptions 2 had carcinoma 
of the stomach and were dehydrated from vomiting: 1 had acute 
arthritis and diabetes with fever and glycosuria; the 4th, with an 
albumin of only 3.63 had 4.75 per cent of globulin, bringing the 
estimated colloid osmotic pressure to 26.7, within normal limits. 
The line for edema appearance in the colloid osmotic pressure sec- 
tion of the figure is drawn quite as sharply at 24 mm. Hg. In the 
total protein section the line is again drawn rather definitely at 
5.8 per cent, just below the normal limits of variation. 

All these facts would suggest that possibly some characteristic 
of the condition of anemia itself tends to facilitate the appearance 
of edema. This impression is strengthened by the fact that edema 
was found in 4 instances when albumin was above 4 per cent and 
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colloid osmotic pressure greater than 26 mm. Hg, the lower limits of 
normal variation, in only one of which was it associated with 
obvious heart failure, venous obstruction or other circulatory dis- 
turbances. This greater tendency to edema in anemia may be due 
to alteration of capillary pressure or to increased capillary permea- 
bility resulting from less perfect oxygenation. Schade and Claussen® 
found in their model capillaries that at a given perfusion pressure 
whole blood tended to withdraw from the surrounding medium 
more fluid than did its own serum, as if the cells gave it a greater 
effective osmotic pressure. The explanation of this effect of the 
cells is not obvious. The membranes used by Schade and Claussen 
in their models were biologically inert, composed of collodion. 
Whether the increased tendency to edema in anemia be ascribed, 
as these experiments suggest, to the influence of cells in enhancing 
colloid osmotic pressure or to circulatory or nutritive disturbances 
increasing capillary pressure or permeability, it is in no way incom- 
patible with the Starling theory. Edema and colloid osmotic 
pressure appear to be closely related, but the level of colloid osmotic 
pressure at which edema appears is higher than it is in malnutri- 
tion without anemia, just as it is higher in malnutrition than in 
the nephrotic syndrome or in plasmapheresis.7° Meulengracht, 
Iversen and Nakazawa*® also found only moderate reductions of 
protein and colloid osmotic pressure in anemia patients with edema, 
and concluded that impaired circulation must play a part in pro- 
moting transudation. 

Liver Diseases. The liver has been considered by many to be 
one of the important sites for the production of serum proteins, 
although direct evidence of such a function is lacking except as far 
as fibrinogen is concerned. This one fraction seems to be definitely 
a hepatic product. Evidence that albumin and globulin have a 
similar origin is unsatisfactory. It consists first of certain experi- 
ments in which Whipple and his associates* found that albumin 
and globulin were more slowly restored after plasmapheresis by 
animals with injured livers. However, the liver damage may well 
have acted merely by interfering with proper nutrition. Second, 
Starling”® and others demonstrated that hepatic lymph contained 
more protein than did lymph from other organs and tissues. This 
Starling attributed not to the hepatic formation of proteins, but 
to greater permeability of liver capillaries. Finally, reductions of 
serum albumin noted by many observers in patients with severe 
liver damage! * *7 7 77 have been referred by some to diminution 
of albumin formation in the liver, again without consideration of the 
effect of serious hepatic insufficiency upon general nutrition. 

In Fig. 7 are presented a small number of observations from a 
group of patients suffering either from cirrhosis of the liver or from 
severe toxic liver destruction, chiefly the former. Examination 
of the albumin figures reveals the fact that low albumin is almost 
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invariably associated with obvious malnutrition. The relation of 
edema (which in these cases means ascites and edema of the lower 
extremities) to serum albumin and colloid osmotic pressure is not 
at all clear. Obviously the edema was chiefly due to circulatory 
obstruction. If an attempt were made to distinguish grades of 
edema and ascites, a better correlation would probably result. 
Moreover, it has appeared clinically as if patients with malnutrition 
and low albumin developed ascites at an earlier stage of the disease 
than did the well nourished with normal proteins. It seems at 
least highly probable that low serum albumin is, in many instances, 
a contributory cause of ascites. 

Globulin lay above or in the upper range of the normal limits of 
variation in every case but one. This was a case of hemochromatosis 
with purpura and general anasarca examined in the last days of the 
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Fig. 7.—The serum proteins in patients. with liver disease. Heavily outlined 
squares indicate the presence of edema. Limits of normal variation are marked by 
the broken vertical lines. 


disease. Hyperglobulinemia has also been reported in cirrhosis by 
other observers,! *? ™ 77 and after experimental liver injury by 
Sawada.®® The highest values in this series were found in 3 patients, 
all of whom probably had biliary cirrhosis. The significance of the 
globulin increases is quite obscure. There appears to be little justi- 
fication in the evidence thus far adduced, however, for the view 
that the liver plays an important part in the production of either 
albumin or globulin. 

Miscellaneous. Figure 8 shows the results of examinations of a 
series of patients with miscellaneous conditions. They were selected 
from a larger number because they presented some abnormality of 
serum proteins or malnutrition, edema or dehydration. The largest 
single group suffered from gastro-intestinal diseases. 

Globulin was increased in 9 instances. Three of these (3.74, 3.63 
and 3.74 per cent) were subjects dehydrated by diarrhea or vomiting 
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and probably represent merely the results of hemoconcentration. 
This was clearly demonstrated in the second patient, whose globulin 
fell from 3.63 to 1.84 per cent after he had received adequate 
parenteral fluids. A value of 3.78 per cent was seen in a patient 
with a congenital cyst of the femur and a pathologic fracture. The 
high globulin may be a response to the injury or connected with the 
nature and situation of the cyst. Values of 3.36 and 3.33 occurred 
in a patient with arthritis deformans, and 3.02 was found in a case 
of Addison’s disease. As the latter is so frequently caused by 
tuberculosis, the increase of globulin is probably connected with 
this infection, although no signs of the disease were discovered in 
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Fig. 8.—The serum proteins in patients with miscellaneous diseases. Heavily 
outlined squares indicate the presence of edema. Limits of normal variation are 
marked by the broken vertical lines. The total protein scale is reduced above 8 
per cent. 


other organs. One patient had a globulin of 3.66 per cent after a 
suprapubic cystostomy for cystitis which resulted from catheteriza- 
tion for paralytic urinary retention which developed during enceph- 
alitis. The last patient, with globulin 4.75 per cent, presumably 
had an infection, although its nature was not determined, because 
he had profuse albuminuria, petechial hemorrhages and a partial 
paralysis of the left side. 

Again low albumin is usually associated with malnutrition. 
There are no exceptions to the rule with albumin less than 3.7 per 
cent. Of the 3 patients with albumin between 3.7 and 4 per cent 
who were not obviously malnourished, one was recovering from 
severe erysipelas which had undoubtedly caused wasting, another 
had arthritis deformans in an active stage, the third was suffering 
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from angioneurotic edema. Govaerts* has shown that in this con- 
dition the capillaries of the affected region become more permeable, 
allowing protein to escape with the edema fluid. During the develop- 
ment of edema of this character the serum proteins fell. Malnutri- 
tion was observed on 7 occasions with albumin above 4.5 per cent. 
In 5 instances there was obvious dehydration. Of the 2 remaining 
patients, 1 had a moderate, unexplained pyrexia, the other residual 
paralysis resulting from anterior poliomyelitis. Both subjects 
were thin, but not emaciated, and in neither was there any clear 
history of dietary deficiency. 

Edema was invariably found when albumin was below 3 per cent, 
and 4 out of 22 times when it was between this level and the lower 
limit of normal, 4 per cent. In 3 of the 4 the edema was associated 
with generalized exfoliative dermatitis; in the 4th it was angioneurotic 
in character. In the 2 instances with albumin above 4 per cent 
the edema was also angioneurotic in origin. In all these cases 
circulatory disturbances were probably partly responsible for the 
transudation. In addition Govaerts* has demonstrated that the 
edema fluid in angioneurotic edema is relatively rich in protein, 
indicating that the permeability of the capillaries of the affected 
parts is increased. 

Discussion. As far as the relation of edema to serum protein 
concentration and to estimated colloid osmotic pressure is concerned, 
the data as a whole lend ample support to the Starling theory if 
account is taken of all the forces which, according to the definition 
of this theory given above, determine the balance of fluid exchange 
between blood and tissues. This does not imply that there need be 
any exact correlation between edema production and the concen- 
tration of serum protein or any of its fractions; it does not even 
mean that there need be a critical level of protein, albumin or colloid 
osmotic pressure, below which edema inevitably occurs; because 
colloid osmotic pressure is only one of the forces concerned in the 
internal fluid exchange. In the absence of any obvious alteration 
of other forces, edema may be expected to appear in non-nephritic 
cases when albumin falls to about 3 per cent. Exceptions to this 
rule in diabetes, carcinoma, infections and a variety of miscellaneous 
diseases are found under certain particular circumstances: (1) 
if globulin is. increased sufficiently to compensate for the osmotic 
deficiency created by the serum albumin depletion; (2) if the patient 
is dehydrated by vomiting, diarrhea or abstention from fluids. In 
the latter case materials for the production of edema are withdrawn 
from the body or prevented from gaining access to the body. Per- 
haps, in the definition of the Starling theory the fluid and salt 
available for the formation of edema must be included among the 
forces which determine transudation. If transudation and reab- 
sorption of fluid from and to the capillaries are, under any given 
conditions, in a state of equilibrium, withdrawal of fluid from the 
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blood through kidneys, gut or skin will necessarily lead to readjust- 
ment of equilibrium by the reabsorption of a certain amount of 
fluid from the interstitial fluids into the capillaries. For the same 
reason, administration of large quantities of fluid and salt may cause 
edema to appear at colloid osmotic pressures higher than those 
at which it is usually encountered. Edema was found when albu- 
min exceeded 4 per cent chiefly in the presence of heart failure or 
other circulatory disturbances which are known to increase capil- 
lary blood pressure. In a few instances there is reason to attribute 
edema at high albumin levels to increased capillary permeability. 
In the intermediate zone between 3 and 4 per cent edema occurred 
with some frequency. Evidence of some one of the contributory 
causes of edema already mentioned could be found in the majority 
of the subjects in this group, especially as the proteins approached 
the normal limits. Theoretically edema should be more closely 
correlated with colloid osmotic pressure than with albumin. How- 
ever, the difference is only appreciable in the tumor group of this 
series, because only in myelomatosis was albumin below 3 per cent 
associated with globulin sufficiently high to raise the colloid osmotic 
pressure into the normal range. It has been demonstrated in the 
case of myelomatosis here reported, as in the case reported by 
Perlzweig, Del Rue and Geschickter® and a nephrosis case of Sal- 
vesen,®*® that, in accordance with the Starling theory and estima- 
tions of the relative osmotic pressures of the two protein fractions, 
when albumin falls to the level at which edema may be expected, 
edema will not occur if globulin is sufficiently increased to make up 
the osmotic deficit. Anemia increases the tendency to edema and 
raises the albumin and the osmotic pressure at which it may be 
expected to 4 per cent and 26 mm. Hg respectively. 

With few exceptions reductions of serum albumin can be directly 
related to malnutrition if this term is defined, not with reference to 
the state of preservation of adipose tissue, but as denoting a condi- 
tion in which body proteins have been recently depleted or are being 
actively depleted. It has been suggested that malnutrition in this 
sense is compatible with the presence of obesity. Moreover, it 
appears that during the restoration of body protein serum albumin 
may rise to normal limits before a normal nutritive state has been 
attained. Exceptions to the general relation of albumin to the state 
of preservation of body protein are no commoner than one might 
expect when the difficulties of determining the exact nutritive state 
are taken into consideration. This is true not only in patients with 
diabetes, tumors and miscellaneous diseases, but even in those with 
marked impairment of hepatic function. In few cases is there any 
reason to hypothecate leakage of protein from the blood stream or 
any other mechanism to explain the albumin deficits. It follows 
that the investigation has thrown no light on the site of production 
of this protein fraction. 
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If the albumin and colloid osmotic pressure deficits are referable 
only to malnutrition, the critical level for edema production, 3 per 
cent, applies only to malnutrition edema. It is distinctly above the 
similar level which Peters, Bruckman, Eisenman, Hald and Wake- 
man** found in the nephrotic syndrome. The difference may be 
only partly connected with the distinctive pathologic conditions 
involved, in part connected with the fact that in the nephritic 
cases therapeutic measures were more frequently directed specifically 
to the elimination of edema. However, it is not unlikely that edema 
does occur at higher osmotic pressures in malnutrition than in 
nephrosis, just as it occurs at higher levels in malnutrition than 
after plasmapheresis. 

Globulin is high in patients with certain types of neoplasms, 
especially myelomatosis, and possibly certain other tumors affecting 
the bone marrow. In the great majority of patients, however, with 
benign or malignant tumors it remains quite normal. Slight 
increases may accompany a great variety of infections; but increases 
of considerable magnitude were observed only in suppurative infec- 
tions, and ulcerative tuberculosis and syphilis. In cirrhosis of the 
liver, also, globulin may rise far above the normal level. It is difficult 
to draw any exact conclusions concerning the origin of globulin or 
the stimuli to its production from such unrelated data. The diffi- 
culty may lie partly in the heterogeneous nature of the proteins 
of which the globulin fraction is composed. Within moderate limits 
hyperglobulinemia may be produced by hemoconcentration. 

Reductions of total protein are usually referable to albumin 
deficits, increases to excess of globulin. The correlation between 
total protein concentrations and any one of the disorders of function 
which may affect the two fractions is far from satisfactory, as is 
evident from all the figures. It is almost unnecessary to say that 
the study emphasizes the meaninglessness of the ‘‘albumin: globulin 
ratio.” 

Summary and Conclusions. From an analysis of 109 total protein 
determinations from 52 individuals and of 50 protein fractions from 
34 individuals, the following limits of normal variation have been 
defined: for total protein, 6 to8 per cent; albumin, 4 to 5.5 per 
cent; globulin 1.4 to 3 per cent. Globulin in excess of 2.5 per cent 
was found only in the winter months and may represent effects of 
respiratory infections which are so prevalent in this climate at that 
season. 

Total proteins have been determined 542 times in 374 patients 
suffering from various diseases which do not affect directly the 
cardiovascular or renal systems, and in 215 of these subjects 332 
determinations of protein fraction have been made. The data have 
been analyzed from various points of view and the following con- 
clusions have been drawn. 

The relation between edema and the estimated protein osmotic 
pressure is in keeping with the theory of Starling. 


¥ 

i 

t 


832 


1931, 


ee 


. Knack, A. V., and Neumann, J.: 
. Kollert, V., and Starlinger, W.: Zeitsch. klin. Med., 1926, 104, 44. 
. Krogh, A., and Nakazawa, F.: Biochem. Zeitsch., 1927, 188, 241. 
. Kumpf, A. E.: Arch. Path., 1931, 11, 335. 
. Kylin, E.: Zeitsch. ges. exper. Med., 1929, 68, 746. 
. Landis, E. M., and Gibson, J. H., Jr.: J. Clin. Invest., 1933, 12, 105. 
. Leiter, L.: Arch. Int. Med., 1931, 48, 1. 
. Linder, G. C., Lundsgaard, C., and Van Slyke, D. D.: J. Exp. Med., 1924, 
39, 887. 
42. 


PETERS, EISENMAN: THE SERUM PROTEIN DISEASES 


Reductions of albumin can be connected almost invariably with 
malnutrition. 

Increases of globulin are found with infections, especially suppura- 
tive processes and ulcerative tuberculosis or syphilis; in connection 
with certain tumors, particularly myelomata; and in cirrhosis of the 
liver. 

The study has thrown no light on the sites of production of the 
two protein fractions. 
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(From the Medical Clinic of the Peter Bent Brigham Hospital, Boston, Mass.) 


ANY extensive experience in the care of those suffering with 
rheumatic heart disease discloses a great variability in the course 
such patients run, the duration of life and in the complications that 
they manifest, though the exact reasons for this are far from clear. 


* This work was done in part under a grant from the Proctor Fund of Harvard 
University. 
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One patient with valvular heart disease carries on in comparatively 
good health for a great many years and another who starts with 
apparently the same lesion succumbs in a short while. Death is 
often ascribed to heart failure when a closer analysis of events reveals 
that a more specific complication which cannot be regarded as 
ordinary circulatory failure was the direct cause of the fatality. 
In other words, not all patients with rheumatic valvular disease 
die in the same way nor does congestive heart failure account for 
many of the deaths with this disease. With this in mind a careful 
study was made of all the cases of rheumatic heart disease in which 
postmortem examination was performed at this hospital from 1913 
to 1932, who died as a result of their cardiac lesions. Cases with 
valvular disease who died after some surgical operation, of cancer, or 
of any other unrelated condition were therefore excluded. Although 
our main purpose was to investigate the factors that were particu- 
larly responsible for the fatality, certain other clinical considera- 
tions of interest were uncovered. 

The 148 cases included in this review (Table 1) were divided into 
five different groups. The first contained all the cases that died 
of congestive heart failure in which none of the other factors dis- 
cussed below were material as a cause of death (49 cases). The 
second group included 34 cases in which death resulted primarily 
from an acute infection, which may be considered essentially as an 
acute rheumatic carditis. The third group of 17 cases were those 
in which emboli and thrombi were directly responsible for the ter- 
minal illness. Subacute bacterial endocarditis (43 cases) made up 
the fourth group. "There remained 5 cases of a heterogenous type 
that could not be included in any of the above classifications, which 
comprised a miscellaneous fifth group. It contained 2 cases of death 
from quinidin therapy and other sudden deaths in cases with aortic 
disease, with or without pulmonary edema. It is apparent from 
this method of classification that in the second, third, and fourth 
groups death was precipitated by what one might call an accident 
of heart disease occurring frequently many years before heart failure 
of the congestive type would otherwise have been expected. Had 
these accidents not taken place, the patients might have remained 
in a state of moderate or excellent compensation for a considerable 
period of time. It is obvious therefore that most patients suffering 
from rheumatic heart disease do not die from congestive heart 
failure. This study in addition to ascertaining the frequency of the 
various modes of death, also investigated the factors which might 
have determined the course which an individual patient pursued. 

Congestive Heart Failure. Of these 49 cases the sexes were about 
equally involved (Tables 1 and 2). The ages were proportionately 
distributed among the various decades.* The largest number of 
fatalities occurred in the fifth decade. Twenty-four had a positive 


* As children under 12 years of age are not admitted to this hospital the first 
decade is not represented here. 
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history of rheumatic fever, 4 of chorea, 4 had both, and 17 had a 
negative history. Eight cases had involvement of the aortic valve, 
for the most part producing varying degrees of stenosis. Nine had 
mitral lesions, 13 had aortic and mitral involvement, 7 had mitral 
and tricuspid, and 12 had aortic, mitral and tricuspid disease. The 
lesions practically always produced stenosis of these valves. The 
state of the myocardium as indicated by pathologic examination 
was designated as being normal, moderately fibrosed, or showing 
extensive damage. There were 26 that were regarded as normal, 
19 with moderate fibrosis and 4 with extensive changes in the myo- 
cardium. For the most part throughout this study the ventricular 
musculature was not greatly involved except in the acute cases. 

Concerning the occurrence of embolism and thrombosis, in 16 none 
were found, 26 showed pulmonary infarcts, 5 had cerebral emboli, 
8 had renal infarcts, and there were 3 miscellaneous cases (Table 6). 
The great frequency of pulmonary infarction is noteworthy. It 
was usually accompanied by a mural thrombus in the right auricle 
(16 instances, right auricle, in 8 of which they were also found in the 
left auricle). There were 4 additional cases with thrombi confined 
to the left auricle. In the other 29 cases no mural thrombi were 
present. It is necessary and reasonable to assume that pulmonary 
infarction frequently resulted from local thromboses of the pulmo- 
nary vessels consequent to a prolonged passive congestion of the 
lungs. In no cases were the emboli or thromboses regarded as the 
deciding factor in the cause of death. It is interesting that although 
there were 26 cases of pulmonary infarction, in only 18 was there 
any evidence of hemoptysis. The absence of bloody sputum, there- 
fore, is no indication that infarction of the lung did not occur. 


TABLE 2.—VALVULAR LESIONS IN “CONGESTIVE FAILURE.”’ 


Z < =) < 
Aortic 8 6 2 669 1.5 50.1 
Mitral P 9 2 7 475 3.7 48.1 
Aortic and mitral 13 8 5 726 4.7 39.0 
Mitral and tricuspid ‘ 7 2 5 551 6.2 27.4 
Aortic, mitral and tricuspid 12 3 9 611 4.5 37 .6 
Total 49 21 28 617 4.2 40.5 


The rhythm of the heart in this group was frequently grossly irreg- 
ular. Auricular fibrillation was present in 28 (one of these had auric- 
ular flutter for a while) and 21 showed a regular rhythm. ‘This re- 
flects the great importance of auricular fibrillation as an underlying 
finding in rheumatic patients who succumb to congestive heart fail- 
ure. This was particularly true of the cases with mitral stenosis alone, 
although there were two who died with a regular rhythm (Table 2). 
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When the aortic valve was involved either alone or in combination 
with one of the other valves, death with a regular rhythm was more 
common. The contrast between the rhythm in the cases with pure 
aortic and pure mitral lesions was quite striking: whereas there 
were only 2 out of 8 cases with auricular fibrillation in the former, 
there were 7 out of 9 in the latter. Patients with aortic disease 
much more commonly die of congestive heart failure with a regular 
rhythm than do those with a mitral disease. When the aortic or 
tricuspid is involved in addition to the mitral valve, the incidence 
of regular rhythm lies somewhere between these two. Of 32 such 
cases, there were 13 with a regular rhythm and 19 with auricular 
fibrillation. Analyzed from a different point of view, it was found 
that 21 cases died with a regular rhythm and all but 4 had aortic 
stenosis with or without other valvular disease. Furthermore, of 
the 28 who had auricular fibrillation all but 2 had mitral stenosis. 
Finally, 13 of the 15 cases of mitral stenosis who died with a regular 
rhythm had other valvular lesions. The inference to be drawn 
from the above considerations is that patients of this type who have 
auricular fibrillation have mitral stenosis almost invariably and 
that if the rhythm is regular they are very apt to have aortic stenosis 
alone or in combination with mitral stenosis. 

The duration of life after the first evidence of troublesome dys- 
phea was investigated in the different types of valvular disease. 
In the 8 cases in which the aortic valve alone was stenosed, death 
occurred 1.5 years and in the 9 cases of mitral stenosis death occurred 
3.7 years after the onset of dyspnea. Where more than one valve 
was involved the duration of life after dyspnea began seemed to be 
somewhat greater. This was particularly true in the 7 cases of 
mitral and tricuspid stenosis, which had a duration of 6.2 years. 
This latter fact has a certain clinical significance, for it indicated 
that the finding of involvement of more than one valve does not 
mean a poorer prognosis after symptoms have developed, but contra- 
riwise it may be expected that the length of life thereafter may even 
be a little greater than if only one valve were affected. On the other 
hand, although the average duration of life after dyspnea develops 
is greater, the age at death is younger than in those cases with single 
lesions. The average age at death of those with aortic stenosis 
alone was 50.1 years and with pure mitral stenosis 48.1 years. The 
cases of combined aortic and mitral disease and aortic, mitral and 
tricuspid died at the average ages of 39 and 37.6 years respectively, 
while those with mitral and tricuspid disease lived to an average age 
of only 27.4 years. 

Acute Rheumatic Carditis. ‘The second common cause of fatality 
in rheumatic heart disease is acute rheumatic infection. The 
clinical course these patients ran was fairly characteristic. There 
was usually persistent moderate fever, a rapid heart rate and anemia. 
Over half developed congestive failure during the acute attack and 
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the usual therapeutic measures were of no avail. The pathology 
was that of an acute pancarditis with small pearly vegetations along 
the valve leaflets, Aschoff bodies in the myocardium, and an acute 
fibrinous pericarditis in many. 

There were 34 such cases in this series (Tables 1 and 3). In each 
instance it seemed fairly clear that an acute rheumatic carditis 
was directly responsible for death and that, had this infection not 
occurred, these patients would have been expected to live for a 
number of years. For the most part they were patients who, directly 
before the terminal infection, showed no evidence of congestive 
heart failure. There were 24 females and 10 males. Almost half 
were under 20 years of age and about two-thirds were under 30. 
This group therefore comprises a larger number of younger cases 
than any other in the entire study and it follows that rheumatic 
infection as a direct cause of death is most to be feared in younger 
individuals. 


TABLE 3.—VALVULAR LESIONS IN ‘ACUTE RHEUMATIC CARDITIS.”’ 


Aortic 1 1 wi 720 0.2 68.0 
Mitral Sige 2 1 1 395 40.0 
Aortic and mitral . . . . 17 12 5 600 26.4 
Mitral and tricuspid a ty 2 1 586 0.1 30.0 
Aortic, mitral and tricuspid . 11 6 5 435 3.1 31.9 
Total 22 12 549 1 30.6 


A previous history of rheumatic fever was obtained in 28 instances, 
7 of whom also had chorea. There was 1 who had only a history of 
chorea and 5 who had no history either of rheumatic fever or chorea. 
It is evident that patients with a past history of chorea alone very 
rarely succumb to an acute rheumatic carditis. 

Involvement by the acute process of a single valve was rare, 
occurring once on the aortic and twice on the mitral valve. There 
were 3 with combined mitral and tricuspid lesions, 17 aortic and 
mitral, and 11 aortic, mitral and tricuspid. It is no simple matter 
at times, when examining these hearts postmortem, to distinguish 
changes in the valves resulting from the acute as contrasted with 
the chronic process. However, 30 of the 34 patients seemed to show 
evidence of previous valvular damage, but the site of this prior 
lesion was not always involved in the terminal acute process. In 
2 the chronic process was limited to the aortic valve and in 7 to the 
mitral. Fifteen showed chronic disease of the aortic and mitral, 
1 of the mitral and tricuspid, and 5 of the aortic, mitral, and tri- 
cuspid valves., Here, as in the previous group of patients who died 
of congestive heart failure, in general the younger patients showed 
a larger number of valves involved. 
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This group as a whole showed far more extensive damage of the 
myocardium than any of the other groups. In 13 the heart muscle 
was normal or only moderately fibrosed, while 21 exhibited marked 
myocardial changes. This was the only group in which there was 
any pathologic evidence to indicate that the state of the myocardium 
was a pertinent factor in the causation of congestive heart failure. 

Emboli and thrombi were of minor significance (Table 6). Eleven 
of these patients had small pulmonary infarcts, 5 had renal infarcts 
and there were 2 with miscellaneous thromboses. Only 7 of the 
18 patients with thronsbosed vessels had mural thrombi in the 
auricles. The inference from this is that small infarctions can 
develop in the peripheral organs either as a result of local throm- 
boses or from miliary emboli coming from a small rheumatic vege- 
tation on the valves. One need not postulate the presence of thrombi 
in the auricles to explain these changes. 

The rhythm in this group was predominantly regular. However, 
there were 12 with auricular fibrillation and 22 who maintained a 
regular rhythm. In every instance of fibrillation, a mitral lesion 
was present, while 19 of the 22 with a regular rhythm had aortic 
valve damage. 

The length of life after the onset of dyspnea and other evidence 
of circulatory insufficiency was on the whole rather short in this 
group of cases as contrasted with those discussed above who died 
of congestive heart failure. The average for the entire group was 
1.9 years whereas for the patients who died of congestive failure it 
was 4.2 years. This does not refer to the duration of symptoms 
after the acute process had developed, as this was much shorter, 
often only weeks, but difficult to measure accurately. 

Emboli and Thrombi. The third group of patients in this study 
comprised those in whom an embolus or thrombosis of a vessel was 
the determining factor in the causation of death. There were 17 
such instances. From a clinical review of this group it was apparent 
that these cardiac accidents were directly responsible for the fatality 
and had they not occurred, congestive heart failure would not have 
developed and they might have been expected to live for a consider- 
able length of time. 


TABLE 4.—VALVULAR LESIONS IN ‘‘ EMBOLI AND THROMBOSES.”’ 


14% ¢ ¢ 

Zz < QA < 
Aortic . 2 * 2 645 1.5 54.5 
Mitral . rae 9 nf 9 490 2.5 36.3 
Aortic and mitral . 1 a 1 440 10.0 46.0 
Mitral and tricuspid . ; 1 én 1 520 6.0 41.0 
Aortic, mitral and tricuspid . 4 1 3 680 5.8 34.5 
Total . 17 1 16 551 3.8 40.0 
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TABLE 5.—SuUMMARY OF VALVULAR LESIONS. 


Cause of death. Rhythm, 


a | 3s .| | history. 
| 2 1898! os | 
1| 2 7| 4 4| 7 
9 2 9 20| 3 17 |474 2.9/42.8/ 11) 9 
Aortic and mitral. . . 13/17 2| 33/22) 11 29 | 4 
Mitral and tricuspid . 1,2); 13) 4} 9 |555/6.1/30.5; 3 
Aortic, mitralandtricuspid 12 11 4 1) 28/10) 18 4 
49 | 34 17 | 5 59 |586 |3.6|36.8| 78 | 27 


There were 12 males and 5 females (Table 1). In 12 cases a past 
history of rheumatic fever was present, 1 of which had chorea. 
There were none with a past history of chorea alone, and 5 had no 
previous history of either. Fifteen of the cases had mitral stenosis, 
of which 1 had aortic stenosis in addition, 1 had tricuspid stenosis, 
and 4 had aortic and tricuspid stenosis (Table 4). In only 2 was 
there aortic stenosis unassociated with other valvular disease. This 
type of complication therefore predominately occurs in those patients 
who have mitral disease. 

Embolism and thrombosis were often multiple and it was then 
difficult to estimate which one was the more important factor in 
causing the fatality (Table 6). Postmortem examination-of the 
brain was not made in all instances and no doubt there were more 


TABLE 6.—EMBOLI AND THROMBI. 


Location. Hemorrhage. Mural thrombi. 


\ 


ov 
Congestive failure . ,( rae 5 Ss 3 18 3 8 4 8 
Acute rheumatic carditis . 11 ea 5 2 9 3 2 1 4 
Emboli and thrombi 14 7 4 5 6 1 2 4 2 
Miscellaneous 1 2 
Total 52 12 17 10 33 7 14 


‘ occurrences of cerebral embolism than were detected by our study. 
The pulmonary emboli and infarctions were for the most part large 
and extensive. There were 14 such cases. There were 7 cerebral 
lesions, 4 renal infarcts, and 5 in the miscellaneous group. Among 
the latter were mesenteric thromboses, and occlusion of the popliteal 
and coronary arteries. When emboli occurred in these cases they 
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resulted from the dislodgment of mural thrombi which had pre- 
viously formed in the auricles. They did not come from the valves 
of the heart as occurs in bacterial endocarditis or from the ventric- 
ular walls as in coronary thrombosis. Two cases showed mural 
thromboses of the right auricle, 4 of the left auricle, and 2 of both. 
In the 9 instances that were reported as having no mural thrombi a 
more careful examination of the auricular appendages might have 
revealed further instances of mural thrombosis. 

Hemoptysis occurred in only 6 instances. This is explained by 
the fact that in some cases death occurred rather quickly after a 
pulmonary embolus and in others definite pulmonary infarction 
was present without any clinical evidence of bloody expectoration. 
It is impossible to correlate the finding of renal infarct with the 
presence of hematuria. This was because examination of the urine 
was carried out at irregular intervals and may not have been done 
at the time of renal infarction. 

The rhythm of the heart in the 17 cases of this group was grossly 
irregular in every instance but one. This is a striking confirmation 
of the prevailing impression that auricular fibrillation is an important 
predisposing factor in the formation of mural thrombi and peripheral 
emboli. In none of the groups contained in this study was the inci- 
dence of auricular fibrillation so great. 

The relation between the state of compensation of the circulation 
and the development of emboli and thromboses is of some interest. 
In 5 of the 17 cases, these circulatory accidents occurred without 
any previous evidence of congestive failure. In 9 they occurred 
during the first break in compensation. One took place during 
the second and 2 during the third break in compensation. In 
practically all of these cases where cardiac failure had taken place, 
compensation had been very well restored before embolism or 
thrombosis had occurred. One gains the impression that this type 
of accident is apt to occur while the state of compensation is fairly 
satisfactory. 

The average age at death of these patients was 40 years and the 
duration of life after the first evidence of dyspnea was 3.8 years. 
This latter figure was slightly but distinctly less than the correspond- 
ing figure for the group who died of congestive heart failure. 

Subacute Bacterial Endocarditis. The number of patients with 
rheumatic heart disease who died of subacute bacterial endocarditis 
was surprisingly great. Of the 148 cases in the entire study 43 
(29 per cent) died of this disease. This is almost as many as the 
number that died of congestive heart failure. In 2 of these cases the 
review of the clinical and pathologic data was open to double inter- 
pretation. In some ways they resembled an acute bacterial infec- 
tion of previously damaged valves and in some ways conformed to 
the picture of subacute bacterial endocarditis. ‘There were 26 
males and 17 females. There was a past.history of rheumatic 


842 LAWS, LEVINE: RHEUMATIC HEART DISEASE 


fever in 18 instances 2 of which also had chorea, and only 1 had a 
past history of chorea alone (Table 1). 

The vegetations were confined to the aortic valve in 8 cases, to 
the mitral in 17, and involved both of these valves in 15. Two 
showed vegetations on the aortic and tricuspid valves and 1 on the 
aortic, mitral and tricuspid valves. 

The average age at death in this group was 38.2 years. Auricular 
fibrillation was present before the development of subacute bac- 
terial endocarditis in only 1 case, and 1 additional patient had 
transient auricular fibrillation during the course of the infection. 
There was not a single instance of gross congestive failure preceding 
the onset of this disease, although many cases developed failure 
of the congestive type before they died. 

Other features such as the type of chronic valvular disease with 
which this infection is associated and the site of embolism were not 
analyzed because such a study has recently been made.! 

In general it may be said that this group contained patients with 
valvular disease who had a regular rhythm, who were in compara- 
tively good health, never having shown evidence of congestive 
heart failure, and who succumbed at a relatively young age. 

Miscellaneous Group. ‘There remained 5 cases that could not 
be classified in any of the above four groups. Two of these patients 
had mitral stenosis and auricular fibrillation and died suddenly 
during the administration of quinidin. Death was not due to emboli. 
There were 2 other cases that died from acute pulmonary edema. 
One had well-marked mitral and tricuspid stenosis and the other a 
marked aortic stenosis with only slight mitral involvement. The 
last case was a young girl 19 years of age who had aortic and mitral 
disease and attacks of angina pectoris. She died suddenly and 
unexpectedly in what was probably an attack of angina. These 


-eases illustrate the more unusual causes of death in valvular heart 


disease and no doubt with a more extensive experience other rare 
mechanisms will be found. 

Age at Death. The average age at death of the 11 cases with 
aortic valve disease alone was 52.5 years (Table 5). The oldest 
was 71 and the youngest 30. There was only 1 under 43 years of 
age. This group of cases had the highest average age. The average 
age at death of 20 cases of mitral stenosis unassociated with other 
valvular disease was 42.8 years or 10 years less than the aortic 
group. The youngest was 12 and the oldest 68 years of age (children 
under 12 were not included in this study). When aortic and mitral 
disease were both present the average age at death of 33 cases was 
31.6 years. The youngest was 12 and the oldest 59. Of the 13 
cases with mitral and tricuspid stenosis the average age at death 
was 30.5 years with similar age limits. The last group that showed 
aortic, mitral, and tricuspid stenosis (28 cases) had an average age 
at death of 35.1 years. One can infer from these figures that 


7 
| 
| 
| 
| 
| 
| 
| 
| 


LAWS, LEVINE: RHEUMATIC HEART DISEASE 843 


stenosis of the aortic valve unassociated with other valvular disease 
matures at an older age than does any other individual or combina- 
tion of valve lesions. Furthermore, when the aortic or tricuspid 
or both valves are involved in addition to the mitral, the average 
age at death is approximately the same. 

The cases of subacute bacterial endocarditis formed such a dis- 
tinct group that it seemed proper to analyze them separately. 
The average age of this group was 38.2 years and the range extended 
from the ages of 17 to 66. 

Sex. A study of the sex distribution in the various groups of 
cases was of some interest. Among the 49 cases who died of conges- 
tive heart failure, there were 23 males and 26 females. Of the 34 
cases that died of acute rheumatic carditis, there were 10 males 
and 24 females. In the group with emboli and thrombi, there 
were 12 males and 5 females, and finally in the 43 cases of subacute 
bacterial endocarditis, there were 26 males and 17 females. There 
was a distinct predominance therefore of the females in those who 
died of an acute infection and of the males in those who died of 
emboli and thrombi or subacute bacterial endocarditis. 

Past History of Rheumatic Infections. It is current knowledge 
that a past history of rheumatic infection such as rheumatic fever 
or chorea can be obtained in only a portion of the cases that suffer 
from that type of valvular disease which is regarded as rheumatic in 
nature. Frequently the adult has forgotten or never was told that 
he had a rheumatic infection in childhood. More often he had an 
infection that was atypical in course which, although rheumatic 
in nature, was regarded as some other type of illness. It is therefore 
not to be expected that a past history can be obtained in 100 per 
cent of the cases of definite rheumatic heart disease. The greater 
the number of recurrent bouts of rheumatism or chorea and the 
younger the patient when questioned, the higher will be the inci- 
dence of a positive past history. The figures that follow well 
indicate these divergences. Of the 11 cases of aortic stenosis, 
there were only 4 that had a positive past history. In 11 out of 20 
with mitral stenosis the past history was positive. Twenty-nine 
out of 33 with aortic and mitral stenosis, 10 out of 13 with mitral 
and tricuspid stenosis, and 24 out of 28 with stenosis of the aortic, 
mitral and tricuspid valves had a positive past history (Table 5). 
Finally, among the 43 cases of subacute bacterial endocarditis, 19 
had a previous history of rheumatic fever or chorea (Table 1). 

We believe that practically all of the cases in this study, including 
those with a negative past history, had had a previous rheumatic 
infection. The higher incidence of a positive history among those 
in whom more than one valve was involved may have been due to 
the fact that the initial infection was more violent, more typical 
in its characteristics or that more than one attack occurred. The 
natural result would be that an affirmative answer concerning a 
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previous history would be more apt to be obtained. Although it is 
generally accepted that mitral stenosis is almost invariably due to 
a previous rheumatic infection, a similar view is not held in relation 
to aortic stenosis which is frequently regarded as due to arterio- 
sclerosis. We believe, however, that acquired stenosis of any valve 
is practically the sole result of an earlier rheumatic infection. We 
feel that the frequent finding of calcification of the aortic valve in 
no way militates against this view. The so-called “arteriosclerotic 
aortic stenosis” we feel is not unlike the similar type of mitral 
stenosis in its etiology. Calcification occurs not infrequently in 
rheumatic disease of both valves, although it is more apt to be 
present in the aortic valve in older people. It is for this reason that 
it has been regarded as arteriosclerotic. Very commonly in such 
older cases, however, the wall of the aorta which is the customary 
site for sclerotic changes is particularly normal in appearance. 
It is more than likely that if all the details of the early illnesses had 
been known of our patients with aortic stenosis, even a larger pro- 
portion would have been identified as being rheumatic. It is suffi- 
cient that approximately 50 per cent of the cases of aortic stenosis 
with calcification had a past history of rheumatism, as was found 
by Christian,? to consider that in practically all was rheumatism 
the etiologic factor. This apparently anomalous inference is sup- 
ported by the frequent finding in various studies that only 50 per 
cent of cases with mitral stenosis have a positive history. One should 
therefore expect even a lower percentage in cases of aortic stenosis 
as they are seen on the average 10 years later in life. 

There is an interesting relationship between the type of initial 
infection and the eventual character of the cardiac damage. Strong* 
found that in a given number of cardiac patients who had a past 
history of chorea alone about nine-tenths would show involvement 
of the mitral valve and only one-tenth of the aortic valve. Acute 
pericarditis was rare in this group. On the other hand if a similar 
number of valvular cases were studied who had a past history of 
rheumatic fever alone, about 60 per cent would show mitral involve- 
ment, 30 per cent aortic involvement and about 10 per cent acute 
pericarditis. ‘This review, which includes only cases that were 
examined postmortem does not permit an investigation of this 
relationship as there were only 6 instances in which chorea had 
occurred in the past unassociated with rheumatic fever. It is of some 
interest to note that of the 43 cases of subacute bacterial endocar- 
ditis only 1 had a past history of chorea alone. Despite the com- 
parative infrequency of chorea it seems that it is especially rare 
as a predisposing illness to bacterial endocarditis. 

Valvular Lesions. Excluding the 43 cases that died of subacute 
bacterial endocarditis there were 105 which showed valvular dis- 
ease of one sort or another. In referring to disease of the valves 
in this latter group, it is meant that the valve is stenosed to a greater 
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or lesser degree. In the majority of instances, no matter which 
valve is considered this stenosis was well marked. ‘There were 
11 cases of aortic valvular disease, 20 of mitral, 33 of aortic and 
mitral, 13 of mitral and tricuspid, and 28 of aortic, mitral, and tri- 
cuspid (Table 5). Although involvement of the mitral valve pre- 
dominated, organic lesions of the aortic and tricuspid were quite 
common, which is in agreement with the findings of Boas. The 
recent statement by Lewis® that stenosis of the aortic valve is infre- 
quent cannot be substantiated by this pathologic study. 

_ The chronic lesions in the 43 cases of subacute bacterial endocar- 
ditis were of a somewhat different nature. Although evidence of 
previous damage was present, the degree of stenosis was much less 
and marked stenosis was very rare. The final bacterial involvement, 
however, was always engrafted on a previously injured valve. The 
distribution of the vegetations on the three valves under considera- 
tion was as follows: 8 on the aortic, 17 on the mitral, 15 on the 
aortic and mitral, 2 on the aortic and tricuspid, and 1 on all three 
valves. 

Cardiac Rhythm. ‘The only irregularity investigated in this 
study was the presence or absence of auricular fibrillation and its 
influence on the type of death. There were very striking differences 
in this regard in the various groups (Tables 1 and 5). Among the 
49 patients who died with congestive heart failure, 28 (57.1 per cent) 
had auricular fibrillation. Of the 34 cases that died of acute rheu- 
matic carditis, 12 (35.3 per cent) had auricular fibrillation. All 
but 1 of the 17 in the embolic and thrombosis group had this irregu- 
larity. In contrast to the above groups in which this arrhythmia is 
so common, persistent auricular fibrillation occurred only once in the 
43 cases of subacute bacterial endocarditis. There was 1 additional 
case in which this irregularity was a terminal event occurring just 
before death. 

Recently Davis and Weiss* concluded that the apparent rarity of 
auricular fibrillation in subacute bacterial endocarditis was acci- 
dental. They felt that subacute bacterial endocarditis would 
naturally occur predominately in regular hearts merely because 
there were more rheumatic cases with a regular rhythm than with 
auricular fibrillation. We feel that the great disparity and antagon- 
ism between these two conditions cannot be explained in this manner. 
There is a large number of patients with persistent auricular fibril- 
lation and valvular disease who live on the average for several 
years. If the bacterial invasion of damaged valves were a mere 
accident, it is surprising that there are not more instances of sub- 
acute bacterial endocarditis in patients with auricular fibrillation. 
This same principle applies to the relation of congestive heart 
failure and subacute bacterial endocarditis. Davis and Weiss® 
explain that the rarity of the former preceding the latter is a coin- 
cidence. If this were so it is still very difficult to explain why a 


VoL. 186, NO. 6.—DECEMBER, 1933 29 


846 LAWS, LEVINE: RHEUMATIC HEART DISEASE 


large number of valvular patients who suffer from congestive fail- 
ure over a period of years never develop this bacterial type of infec- 
tion of their valves. 

Heart Weights. There were interesting variations in the weight 
of the heart in the different groups (Table 1). Considered from the 
point of view of the type of death, those who died of congestive 
heart failure had the largest hearts. The average weight of 49 
such cases was 617 gm. The average weight of those dying of acute 
rheumatic carditis or of emboli and thromboses was about the 
same, 549 gm. for the former, 551 gm. for the latter. The group 
with subacute bacterial endocarditis had the smallest hearts, the 
average of 43 such cases being 449 gm. These figures make a fairly 
logical sequence when it is appreciated that subacute bacterial 
endocarditis may be regarded as an accident that develops in younger 
well-compensated heart patients and that emboli and thrombi also 
are accidents that occur before the complete picture of cardiac 
failure would be expected. Those dying of congestive heart failure 
may be considered as having escaped these fatal accidents and 
therefore as having lived longer with their cardiac disease to develop 
larger hearts. 

There was in addition some relationship between the weight of the 
heart and the valvular lesion (Table 5). Although the number of 
cases in the various groups was not great, the figures seem to have 
a definite significance. The average weight of the heart of 11 cases 
with aortic disease was 669 gm. In contrast with this the average 
of 20 cases with mitral disease was only 474 gm. When the aortic 
and mitral were both involved the weight of the heart was about the 
same as in pure aortic cases; the average of 33 with this combination 
was 663 gm. When the mitral and tricuspid or mitral, tricuspid 
and aortic were all affected the averages were the same. The figures 
for the 13 cases of the former was 555 gm. and for the 28 cases of the 
latter was 557'gm. The aortic cases with or without mitral stenosis 
have the largest hearts, the pure mitral cases have the smallest, 
and those with combined tricuspid disease are midway between. 

Although there was considerable overlapping in the weight of the 
heart in comparing individual cases of one group with another, the 
largest heart in which the mitral valve alone was involved was 
essentially no greater than the smallest with an aortic lesion whether 
the mitral valve was also affected or not. The figure for the former 
was 575 gm. and for the latter approximately 550 gm. The above 
weights which were obtained on postmortem examination must not 
be confused with the size of the heart as determined by bedside or 
roentgenologic examination. ‘The element of dilatation of the 
chambers of the heart which plays such an important réle in deter- 
mining the outline of the silhouette was not investigated in this 
study. Clinically, the hearts that show the largest Roentgen ray 
shadows are more apt to be those with well-marked mitral stenosis 
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and huge dilatation of the auricles. The heaviest hearts with aortic 
stenosis do not as a rule produce such large Roentgen ray shadows. 

Adhesive Pericarditis. A study was made of the affect of adhesive 
pericarditis on some of the other factors that have been discussed 
above. No attempt was made to differentiate minor from major 
adhesions. In general, however, it may be said that in most of the 
cases the adhesive pericarditis was well marked and frequently the 
entire pericardial cavity was obliterated. The average weight of 
62 cases with a normal pericardium was 534 gm. The average 
weight of 43 cases with adhesive pericarditis was 654 gm., an increase 
of 120 gm. The cases of subacute bacterial endocarditis were not 
included in this calculation. The effect of pericardial disease on the 
weight of the heart in various types of valvular disease is shown in 
Table 7. It is evident that adhesive pericarditis adds appreciably 
to the weight of the heart. 


TABLE 7.—INFLUENCE OF ADHESIVE PERICARDITIS ON WEIGHT OF HEART. 
With pericarditis. Without pericarditis. 


Valvular lesions. Number. Weight. : Number. Weight. 
Mitralandtricuspid ..... 7 607 6 495 
Aortic, mitral and tricuspid . . . 8 706 20 498 
Total 654 62 534 


TaBLE 8.—RELATION OF PERICARDITIS TO AGE AT DEATH. 


Under 40. Over 40. 
With Without © 
r- 

Type. Total. carditis. Total. carditis. 
Congestive failure. . . . . 8 28 7 
Acute rheumatic carditis . . . 25 16 9 2 
Emboliand thrombi ... . 7 4 10 3 
Misceliameows . .... =. 4 3 1 0 
Subacute bacterial endocarditis . 23 4 20 2 

35 (43.7%) 68 14 (20.6%) 


It is also. of interest that with increasing age there was a tendency 
for adhesive pericarditis to become less frequent (Table 8). Among 
80 cases under 40 years of age there were 35 with adhesive pericar- 
ditis (43.7 per cent). In the 68 cases over 40 years of age there were 
only 14 with pericardial adhesions (20.6 per cent). There was a 
striking difference in the frequency of pericardial adhesions in the 
49 that died of congestive heart failure as contrasted with the group 
of 43 that died of subacute bacterial endocarditis. Fifteen of the 
former and only 6 of the latter showed pericardial disease. It is 
not surprising that the largest incidence occurred in those that died 
of acute rheumatic infection. In this group of 34 there were 18 
instances of pericardial disease of which 9 were acute processes. 
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This was to be expected because in an acute rheumatic infection 
of the heart, the pericardium, myocardium, and endocardium are 
frequently all involved. 

Summary and Conclusions. One hundred and forty-eight cases 
of rheumatic heart disease were studied to ascertain the cause of 
death. It was found that congestive heart failure accounted for 
only 33.1 per cent of the fatalities, acute rheumatic carditis for 
23 per cent, peripheral emboli and thromboses for 11.5 per cent, 
subacute bacterial endocarditis for 29 per cent, and 3.4 per cent 
died of miscellaneous cardiovascular accidents like angina pectoris 
or acute pulmonary edema. 

The groups of congestive failure and emboli and thromboses were 
the oldest, subacute. bacterial endocarditis a little younger and 
acute rheumatic carditis the youngest. 

Those that had aortic valvular disease alone were the oldest 
(52.5 years). The mitral cases came next (42.8 years) and the cases 
with combination of aortic, mitral and tricuspid were youngest 
(30 to 35 years). 

There were more than twice as many females as males dying of 
acute rheumatic carditis, the relation was reversed in the group 
dying of emboli and thromboses and the proportion was 3 to 2 on 
the side of males in the subacute bacterial endocarditis group. 

A past history of rheumatic fever or chorea was not found with 
equal frequency among the various groups. Although we believe 
that stenosis of any of the valves is, except in rare instances of 
congenital heart disease, practically invariably due to rheumatic 
infection, the multiform character of the early illness prohibits 
obtaining a positive past history in many instances. The greater 
the number of valves involved, the more frequently was a positive 
past history obtained. This is true for two reasons: such patients 
are more apt to have had more than one infection and they die at a 
younger age, so that the early illnesses are not forgotten. This 
explains why cases of aortic stenosis who die at an old age less fre- 
quently have a positive past history. 

In speaking of valvular lesions in this review, except for those 
cases dying of subacute bacterial endocarditis, we mean stenosis to 
a greater or lesser extent. A striking finding was the great fre- 
quency of involvement of the aortic and tricuspid valves. When the 
tricuspid valve was involved, the mitral was always diseased as 
well, and frequently the aortic. 

Auricular fibrillation was almost invariable in the emboli and 
thrombi group, very common in those dying of congestive heart 
failure, much less common in the acute rheumatic carditis group, 
and practically absent in those who died of subacute bacterial 
endocarditis. The presence of mitral stenosis is the most common 
accompaniment of auricular fibrillation, although this irregularity 
occurs occasionally in patients who have only aortic stenosis. 
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The average weight of the heart of those dying with congestive 
failure was 617 gm., of acute rheumatic carditis or emboli and 
thromboses about 550 gm., and of subacute bacterial endocarditis 
449 gm. The average weight of the heart in cases of aortic stenosis 
was 669 gm., of mitral stenosis 474 gm., and of both 663 gm. When 
the tricuspid was involved in combination with other valves the 
average weight was about 550 gm. The presence of adhesive peri- 
carditis increased the average weight by about 120 gm. The 
average weight of 43 cases with adhesive pericarditis was 654 gm., 
and of 62 cases with a normal pericardium was 534 gm. 

Pericarditis with or without adhesions was less frequent in the 
older patients. It was most common in the group with acute 
rheumatic carditis, fairly frequent in those with congestive heart 
failure, and very rare with subacute bacterial endocarditis. 
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PERORAL PULMONARY DRAINAGE. 


NATURAL AND THERAPEUTIC, WITH ESPECIAL REFERENCE TO THE 
“TUSSIVE SQUEEZE.’’* 


By CHEVALIER Jackson, M.D., 
PROFESSOR OF BRONCHOSCOPY, TEMPLE UNIVERSITY SCHOOL OF MEDICINE, 


AND 
CHEVALIER L. JAcKsSoN, M.D., 


PROFESSOR OF CLINICAL BRONCHOSCOPY, TEMPLE UNIVERSITY SCHOOL OF MEDICINE, 
PHILADELPHIA. 


In presenting this subject we have no thought of making any 
comparisons between peroral and external surgical drainage of 
pulmonary suppurative foci; the decision as to the necessity for 
resorting to external surgery should be reached in the particular case 
by a consultation of the internist, or pediatrician, with the surgeon 
and, especially, the roentgenologist.'_ The findings of the bronchos- 
copist will often be helpful data at such a consultation. 

Natural Peroral Drainage. Mucosal surfaces, even in health, must 
drain. The natural means for removal of normal as well as of 


* Read at the Meeting of the American Therapeutic Society, June 9, 1933. 
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pathologic pulmonary secretions are: (1) The cilia; (2) the bechic 
blast; (3) the tussive squeeze; and, possibly, (4) tracheobronchial 
peristalsis. 

Ciliary Drainage. It is unnecessary, before a group of eminent 
internists, to go into the fundamental details of ciliary drainage. 
The important fact is that the cilia waft upward the secretions, 
normal and pathologic, to a point where these secretions can be 
blown out by the bechic blast. 

Bechic Blast. Forcible expulsion of secretions by the bechic 
blast is limited to the larger tubes. ‘There is no blast in the alveoli 
or bronchioles, and very little in small branch bronchi. 

The Tussive Squeeze. ‘This is the most powerful of all factors in 
natural peroral drainage. Yet it is the one apparently least con- 
sidered. For instance, a number of eminent authorities on dis- 
eases of the lungs have stated that cough is inefficient because under 
pathologic conditions of bronchial obstruction air cannot get into 
the distal part of the lung, and consequently cough is powerless 
to force out the obstruction! This is a fallacy. The distal part, 
in fact, all of the peripheral parts of the lung, are emptied by the 
tussive squeeze. Another author stated that while it is certain 
that bronchoscopic aspiration is beneficial, its mechanism is myste- 
rious because the aspirating tube cannot reach the periphery of the 
lung nor abscess cavities located therein. This author also ignores 
the tussive squeeze. In 110 articles in medical journals on closely 
related subjects, the authors give no evidence of a realization of 
the importance, or in many instances, even of the existence of the 
tussive squeeze. The tussive squeeze is the compression of the 
lung during cough. For purposes of illustration, a lobe of the lung 
may be likened to a sponge partially filled with water. When the 
sponge is squeezed, the water is forced out. Just so, when a lobe 
containing pus is compressed by the powerful bechic contraction, 
the pus or other fluid secretions are forced upward into the larger 
bronchi, whence they are removed by the bechic blast. It is not 
necessary that the lobe be solidly filled with pus; more or less air 
admixture is a help rather than a hindrance. The best simple 
illustration of the mechanics of the tussive squeeze is the florist’s 
bulb sprinkler. It is partly filled with water; the florist compresses 
the bulb, the water is forced out; the florist does not immediately 
refill the bulb, he presses it repeatedly, each time forcing out some 
water that lingers notwithstanding the first squeeze; at each release 
of the bulb, air is drawn in, and as it is forced out fluid is carried 
with it. ‘To continue the comparison, the effect of codein on a patient 
trying to cough up pus might be compared to that of a drug paralyzing 
the florist’s hand. The same may be said of the effect of phrenicectomy. 

Our first observations of the mechanism of the tussive squeeze 
were made through the bronchoscope; we see them repeated every 
working day. We aspirate all visible pus from the larger bronchi; 
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working with the cough reflex unhampered by any anesthetic, cough 
is frequent; it quickly forces up into view from the peripheral bronchi 
the pus they contain. Again and again this is repeated until the 
passages are emptied. There has been no necessity for putting 
either the bronchoscope or an aspirating tube down or out into the 
periphery of the lung; the pus is forced up into the large bronchi. 
It is thus objectively demonstrated that there are two separate and 
distinct mechanisms concerned in peroral drainage by the cough 
reflex, the bechic blast driving out the pus, and the tussive squeeze 
that brings up the pus to the large bronchi where the blast may 
complete the expulsion. The tussive squeeze is a powerful ally of 
the cilia in natural peroral drainage; and of the bronchoscopic 
aspirator in therapeutic drainage. 

Inhibition of Natural Pulmonary Drainage by Viscosity. Viscosity 
and Stagnation. In doing bronchoscopy it is common to find quan- 
tities of thick, viscid secretion remaining in the lung after paroxysms 
of coughing, evidently secretions that the bechic blast could not 
expel.2, When drawn out by a negative pressure of 4 or 5 pounds 
the viscosity is seen to be so great that the secretions will not run 
down in the glass collecting tube. This shows the viscosity of the 
newly formed exudate in the bronchi. The viscid, purulent secretion 
clings to the bronchial wall, resisting expulsion. 

Air Bubbles and Mucus Lessen Viscosity. The to-and-fro move- 
ment of air with the phases of respiration lessens viscosity somewhat, 
especially when the mucous secretions are normal in quantity, as 
they may be if the glandular cells are not yet damaged by post- 
inflammatory changes, nor their activity inhibited by codein or 
atropin. The mucus serves as a lubricant if it is not thickened 
by inflammation or drugs. But in certain inflammatory conditions 
the viscosity of the secretions is enormously increased by an increase 
in fibrin.’ 

The Bronchiectatic Septic Tank. The chief natural way of lessen- 
ing viscosity is to rot the thick tenacious pus.2. The saprophytic 
and other bacteria bring about this change just as they do in the 
contents of what the sanitary engineers call a septic tank. In 
sanitation, thick sewage can be changed to a thin fluid free from 
specific bacteria by giving a place, temperature and sufficient time 
for saprophytic bacteria to bring about the change. The secondary 
pathologic changes in the bronchial walls are a fearful price to pay 
for lessening viscosity, however, and in fact constitute a strong 
indication for bronchoscopically aspirating the secretions before 
they have time to rot; thus we eliminate the bronchiectatic septic 
tank. Like Nature’s amputations, the mortality attending lessening 
viscosity by septic tank methods is too high. 

Inhibition of Natural Postural Drainage by Drugs. It has been 
pointed out®5 that the cough reflex is the watch dog of the lungs, 
and that the indiscriminate giving of sedatives to lessen the cough 


| 


852 JACKSON, JACKSON: PERORAL PULMONARY DRAINAGE 


reflex is logically unsound and clinically pernicious. Nearly evéry 
medical graduate leaves school with the idea that cough, like 
hemorrhage, is a thing to be suppressed, and he has knowledge of 
the most powerful drugs that will suppress it. 

Opium Derivatives have a doubly pernicious effect in inhibiting 
natural peroral drainage; in the first place, they check the cough, 
which is Nature’s best method of expelling the pus laden with 
infective organisms; and, in the second place, opiates thicken the 
pus by checking the normal secretions that should thin it.> “If 
the patient cough, give him codein”’ is a most pernicious order. 

Incidentally, it might be mentioned at this point, that many forms 
of cough will yield symptomatically more quickly to other forms of 
medication than to sedatives; for instance, the harassing cough 
of influenza will yield to alkalinization of tracheal secretion by 
internal administration of alkalies much more readily than to any 
sedative; and, moreover, the alkalinization of tracheal secretions 
puts them into better physical state for expulsion. 

Atropin is synergistic with opiates in inhibiting the production 
of serum and mucus that should thin the pus, therefore the routine, 
indiscriminate use of atropin is to be deprecated as theoretically 
illogical and clinically pernicious. Alone atropin is bad enough; 
combined with opiates it is worse; the combination becomes an ally 
of suppurative disease of the lung.** 

Inhibition of Natural Peroral Drainage by Operations. No one ques- 
tions the usefulness of external drainage of suppurative foci in 
suitable cases of non-tuberculous pulmonary suppuration. No one 
questions the good results obtained by phrenicectomy and artificial 
pneumothorax in suitable cases of pulmonary tuberculosis, but 
there is much clinical evidence to show that in many cases of non- 
tuberculous suppuration, these two procedures, artificial pneumo- 
thorax and phrenicectomy, are alike in that they cripple natural 
peroral pulmonary drainage by annihilation of the bechic blast and 
the tussive squeeze. There is some bronchoscopic evidence to show 
that the efficiency of the cilia is also affected unfavorably by these 
procedures. We realize that both pneumothorax and phrenicec- 
tomy have a large field of usefulness, but we have seen so many 
patients made worse by both these procedures, that we would urge 
they be not applied to non-tuberculous pulmonary suppuration 
without the most careful consideration. 

Therapeutic Peroral Drainage. Postural. This is a well known 
and important adjunct to medical care and management; there are 
few or no contraindications to its use. Its efficiency is very much 
less when the pus, or secretion, is of such high viscosity that it 
will not run downward when the collector is inverted; but this 
does not mean that it is altogether useless; even in such cases it helps. 

Continuous Peroral Drainage. Moore® perfected a means of in- 
serting through the mouth and larynx a vertebrated metallic tube 
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to be left in situ continuously, or for long periods of time. It 
promises to be useful in some cases. 

Bronchoscopic Removal of Obstruction to Peroral Drainage. Ob- 
viously, bronchial obstruction, when present, frustrates peroral drain- 
age. The only way to determine the character of the bronchial 
obstruction is by diagnostic bronchoscopy and in most cases the 
only way to remove the obstruction is by means of instruments 
passed through the bronchoscope. Tumors, benign or even histo- 
logically malignant; compression stenosis; granulations; edema; 
fibrous stenosis; plugs ‘of semisolid and crusted secretions; blood 
clots—all these conditions can be efficiently dealt with bronchoscop- 
ically with the restoration of a channel for peroral drainage.’ 

Bronchoscopie Asyiration. In peroral bronchoscopic aspiration 
we have the most powerful adjunct to medical care and management 
that has ever been discovered. The efficiency of the method has 
been demonstrated in so many thousands of cases, in the hands of 
so many different bronchoscopists, as to leave no room for doubt. 

Medical Care and Management. Every patient bringing up pus 
from his lungs needs medical care and management. It is appalling 
to see the number of persons with productive cough who go about 
with apparently little thought by themselves or their family physi- 
cian as to just what this symptom means. In a considerable per- 
centage of the cases the patient could be cured by careful attention 
to diet, environment, and increased hours of rest in bed out-of-doors, 
along with careful attention to peroral pulmonary drainage. 

Summary. 1. These observations were made with a view to an 
analysis of the factors concerned in (natural) peroral drainage. 
No comparisons are drawn between peroral and external surgical 
drainage. 

2. Natural peroral drainage is by ciliary action, bechic blast 
and tussive squeeze. When bronchoscopy is done without abolition 
of the cough reflex by anesthesia on a patient with peripheral sup- 
puration it is always noted that, after the pus is bronchoscopically 
aspirated from the larger bronchi, fresh pus appears each time the 
patient squeezes the affected lobe by cough. This is repeated until 
the lobe is well drained of pus. 

3. The tussive squeeze is naturally more or less intermittent, but 
it is vastly more efficient than ciliary action in dealing with pus of 
high viscosity. 

4. Natural peroral drainage is inhibited by viscosity. Viscosity 
is lessened partly by permeation with air bubbles in the to-and-fro 
passage of air by the intermittent tussive squeeze, but chiefly by 
the “septic tank’’ process. 

5. In the bronchiectatic septic tank, pus of viscosity too high to 
be expelled by the bechic blast, after it is brought up to the larger 
bronchi by the tussive squeeze aided more or less by ciliary action, 
is changed to thinner fluidity by putrefaction. This lessening of 
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viscosity enables expulsion by the bechic blast. The by-products of 
putrefaction are harmful to the bronchial walls so that, like Nature’s 
amputations, the process is crude and the results leave much to be 
desired. 

6. Promotion of peroral drainage is an essential aid to medical 
care and management in non-tuberculous suppurative diseases of 
the lungs. 

7. Our observations lead us to believe that the best peroral 
drainage is obtained by attention to the following considerations: 
(1) Omission of drugs, like opiates and atropin, that inhibit the 
bechic blast, the tussive squeeze and the action of the cilia, or 
thicken secretions; (2) omission of operations like phrenicectomy, 
which also interfere with the bechic blast and tussive squeeze; (3) 
postural drainage (assisted to the utmost by the tussive squeeze), 
twice or three times daily, the patient selecting the times when he 
feels the greatest inclination to cough; (4) bronchoscopic clearance 
of all obstructions in the tracheobronchial tree at intervals of a week, 
more or less, according to indications. In the interim supplemen- 
tary catheteric aspiration and medication may be carried out daily 
without the bronchoscope if desired. 


BIBLIOGRAPHY. 


1. Jackson, C.: New England J. Med., 1929, 199, 759. 

2. Jackson, C.: IIe Congrés International d’Oto-Rhino-Laryngol., Madrid, Sep- 
tember 27-30, 1932, IV Fasc. I; and supplementary report. 

3. Jackson, C.: Therap. Gaz., 1920, 30, 520. 

4. Jackson, C.:, Peroral Endoscopy and Laryngeal Surgery, The Laryngoscope 
Company, 1915. (This book is out of print, but is in most libraries. The French 
translation entitled Endoscopie et Chirurgie du Larynx is still obtainable from the 
publisher, Gaston Doin, Paris.) 

5. Jackson, C.: Proc. Roy. Soc. Med., 1930, 24, 1. 

6. Moore, W. F.: Ann. Otol., Rhinol., and Laryngol., 1927, 36, 270. 

7. Jackson, C., and Coates, G. M.: The Nose, Throat, and Ear and Their Dis- 
eases, Philadelphia, W. B. Saunders Company, 1929. 


THE EFFECT OF PITUITRIN INJECTIONS ON BLOOD PRESSURE 
IN MAN. 


By Witu1am M. Morrat, M.D., 


ATTENDING PHYSICIAN, DEPARTMENT OF MEDICINE, SANTA BARBARA COTTAGE AND 
ST. FRANCIS HOSPITALS, SANTA BARBARA, CALIF. 


(From the Santa Barbara Clinic.) 


In 1895 Oliver and Schafer! reported a rise in blood pressure in 
anesthetized animals following intravenous injection of extracts of 
the pituitary gland. Three years later Howell? showed that this 
effect was due to the posterior lobe of the gland. This finding has 
since been confirmed by many investigators. But constantly 
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recurring in medical literature is the assumption that when injected 
intramuscularly into the unanesthetized human the same pressor 
action is obtained. 

Yet as long ago as 1913 van den Velden said that he observed 
no constant and striking rise in systolic pressure after injecting 
therapeutic doses of pituitary extracts intramuscularly into man. 
A year later Behrenroth‘ was unable to establish any definite and 
constant change in blood pressure following intravenous injections 
into man. In 1917 Schmidt® published his results in a series of 
15 febrile patients. He injected 1 to 1.5 ce. of pituitrin (Parke, Davis 
& Co.) intramuscularly and was unable to establish any constant 
effect on systolic pressure. He observed, however, that the diastolic 
pressure rose in the majority of cases, reading its maximum in 30 to 
45 minutes and in some instances amounting to 15 mm. Hg. or 
more. In 1928 Ward, Lyon and Bemis,’ studying the comparative 
effects of oxytocin, “vasopressin” and pituitrin on obstetric cases after 
delivery, recorded the blood pressure at 3 intervals of 5, 10 and 
15 minutes after intramuscular injection, and although they show 
a graph of a'selected case with a rise of pressure following pituitrin, 
yet their graphs showing the average of 48 cases with 1 ampule 
dosage and 12 cases with 2 ampules dosage fail to show any signifi- 
cant change in pressure after pituitrin. They do not state how 
soon after labor the injections were made nor what anesthetics 
the patients were given. 

The effect of anesthesia on the action of posterior pituitary 
extracts in animals has recently been brought to light. In 1929 
Gruber,’ experimenting with the pressor fraction of pituitrin, 
“‘vasopressin,”’ since renamed pitressin, found in dogs anesthetized 
with chloretone a rise in pressure following intravenous injection, 
but in unanesthetized dogs, a fall. In a series of publications during 
the past 3 years from the Department of Pharmacology of McGill 
University, Gruber’s results have been confirmed. In the most 
recent of these, published since the herewith presented investigation 
was completed, it is stated that their experiments “show conclusively 
that a fall in blood pressure is the predominating effect of the 
intravenous injection of pituitary extract in the normal unanes- 
thetized dog.” It is also suggested that the fall in pressure is due 
to constriction of the coronary bloodvessels which more than offsets 
the peripheral vasoconstriction tendency to raise the blood pressure. 

In spite of this evidence the statement still stands in the latest 
edition of New and Non-official Remedies® that “the intravenous 
or subcutaneous injections of preparations of the posterior lobe are 
followed by an increase in blood pressure which is maintained over 
a considerable period.” And manufacturers of posterior pituitary 
extracts still often advise its use in patients with hypotension or in 
shock to raise the blood pressure, and still give hypertension as a 
contraindication to its employment. 
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Procedure. 'The present study was undertaken in order to deter- 
mine whether or not there was any constant effect following the 
injection of posterior pituitary extract into man in the manner 
ordinarily employed and in the usual therapeutic dose.. Obstetrical 
pituitrin (Parke, Davis & Co.) was injected deep into the muscle, 
the dose being 1 cc. Sixty-two patients of both sexes, ranging in 
age from 8 to 56 years, wereemployed. The initial systolic pressure 
ranged from 82 to 218 mm. Hg.; the initial diastolic from 58 to 
110 mm. In all but a few cases the patients were given 0.3 cc. 
pituitrin (0) on the day before the test in order to eliminate so far 
as possible psychic effects and to guard against possible allergic 
reactions. The results are shown in the accompanying charts. 


Cuart I. 
CHART AVERAGES OF ENTIRE GROUP OF INDIVIDUALS 
% MINUTES AFTER INJECTION OF PITUITRIN 
0 2 5&6 10 15 20 30 40 50 60 


SYSTOLIC 


100 
40 
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50 
40 
30 19 
OBSERVED AT INTERVAL PITUITRIN 


Results. Chart I shows the number of cases observed at intervals 
of from 2 to 60 minutes after injection of pituitrin, and the average 
pulse rate, systolic and diastolic blood pressure and pulse pressure 
of the cases observed at each time interval compared with the 
averages of this same group of individuals before injection. The 
systolic pressure averaged slightly higher only at 2 minutes after 
injection, was unchanged from the initial pressure 5 minutes after 
injection, but constantly thereafter and up to 60 minutes was 
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slightly lower than before injection. The diastolic pressure was 
somewhat higher at 2 and 5 minutes after injection and thereafter 
practically unchanged. The pulse pressure was somewhat decreased 
at all time intervals. 

Chart II shows the percentage of rising, falling and unchanged 
pressures; also the greatest variations above and below the initial 
pressures, and the average rise or fall in pressure at each interval 
after injection. Slightly more than half of the patients showed a 
rise in systolic pressure 2 minutes after injection but thereafter the 
percentage rapidly diminished; at 30 minutes only 10 per cent were 
above the initial pressure. The diastolic pressure was raised in 
three-quarters of the cases at 2 minutes, but this percentage pro- 
gressively decreased and, from 15 minutes on, more patients showed 
a fall than arise. The greatest rise at any time in systolic pressure 
was 42 mm. Hg., and the greatest fall 44 mm.; in diastolic 24 mm. . 
rise and 16 mm. fall. These figures were the exception. Few of 
the patients showed variations at any time of more than 2 mm. 
to6mm. The most suggestive figures are those in the average rise 
or fall tabulation. This again brings out the decreased pulse pres- 
sure following pituitrin injection, but this, except during the first 
few minutes, is brought about by a fall in systolic pressure. 


Cuart II.—NuvuMBER oF INDIVIDUALS OBSERVED, 62. 


Time after injection: : 5 10 15 20 | 30 40 50 | 60 
min. | min. min. | min. | min. | min. | min. | min. | min. 


| 
Unit. |S. 8.) 8. 8. |D.| 8. |D. 


% |54 75/47 7|73 27 55 27 | 44 | 26) 10 40 | 17 '37| 21 37 18 | 27 
pe 33 8 | 18 | 60 | 34 | 61 | 49 | 67 | 44| 69/46 73 51) 74 47 | 64/55 
Cases unchanged 43/17/24) 9/13/11) 12| 7) 7| 19/21/13) 10|12| 5 16) 18/18 
Greatest rise . . . . . . |Mm.Hg, 40| 22/28/16) 18 16) 16) 16/20) 16| 26 | 16 | 42!24/12| 8| 42/22 
8} 5 | 20 6 | 24) 12| 42 | 14 
Averagerise “ | 8| 7} 0} 2]..| 1]..] 


8S = Systolic. D = Diastolic. 


Chart III shows the averages in 13 patients with an initial sys- 
tolic pressure of 100 mm. or below and Chart IV in 3 patients with 
an initial pressure of 198 mm. or higher. In Chart V the average 
rise or fall in the low and in the high blood pressure groups is shown 
in comparison with these averages in the whole group. In the 
hypotensive group the initial rise in systolic pressure was greater 
and longer sustained while the later fall was less; the diastolic was 
also higher in the early stages but its later fall was somewhat greater 
than was the case in the whole group averages. In the hypertensive 
group on the contrary the average systolic pressure was at no time 
higher than the initial pressure and from 10 minutes onward showed 
a marked fall; the diastolic was not so consistent, but in general 
after the 10 minute observation showed greater fall than in either 
of the other groups. 
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CHART IT = ; AVERAGE OF HYPOTENSIVE GROUP OF 13 INDIVIDUALS 
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Cuart V.—NouMBER oF INDIVIDUALS OBSERVED, 62. 


Time after injection: : | 5 10 15 20 , 30 40 


| | 
min. | min. | min. | min. min. | min. | min. | min | min 
| | 
—|—— 
Unit. |S. | D.| 8. | D. 8./D.|8 D. | 8.|D.| 8.) 8 |D.| 8. D. 


Whole group: Av.rise . . 0 | 
bad 4/..| 3 .-| 7) 1) 6) 0} 7) 1 
Low blood pressure: Av.rise .| “ 0/2/../0 
Av.fall O]..] 0] 5] 2) 4/1] 4] 4] 8) 6 
Av. fall. 5 | 23/3/18 9/20| 6) 4)..|16] 4 |42)14 


S = Systolic. D = Diastolic. 


Additional Observations. The average pulse rate showed a slight 
drop 2 minutes after injection in all groups, but the changes there- 
after were so slight and inconsistent that they lack significance. 

In 36 per cent of the patients the temperature rose slightly during 
the test, in 50 per cent it fell and in 14 per cent was unchanged. 
The average for the whole group, however, was 98.3° F., both 
before injection and at the end of the test period. 

In 13 patients (21 per cent) there was an intestinal reaction, 
consisting of cramps, followed by a bowel movement. This occurred 
as early as 8 minutes after injection and as late as 60 minutes, 
averaging about 20 minutes. 

In the hypertensive group no ill effects of any kind were observed. 
Two of the patients said that they felt better than usual at the 
end of the test period while the third, who was the individual 
showing the greatest drop in pressure, complained of a slight 
headache. 

The fact that in the hypertensive group the fall in systolic pressure 
was so marked and so immediate as compared with the normal 
and hypotensive groups raises the question as to whether in these 
particular hypertensive individuals arteriosclerosis was more exten- 
sive in the peripheral vessels than in the coronary vessels and 
consequently the constriction produced by pituitrin comparatively 
greater in the coronary than in the peripheral vessels, whereas in 
those with normal bloodvessels the constriction was more nearly 
equalized. Further study of the effect of pituitrin on a larger group 
of hypertensive individuals is now under way and is being supple- 
mented with electrocardiograms taken before and after pituitrin 
injection. 

Summary. 1. One cubic centimeter of obstetrical pituitrin was 
given by intramuscular injection to 62 individuals and the blood 
pressure observed at 9 intervals of from 2 to 60 minutes. 

2. No constant changes in blood pressure were observed. 

3. In a few individuals there was a marked change in blood 
pressure, but this was as often downward as upward. 

4. In the majority of individuals there was little or no change. 

5. The general trend of the blood pressure was, except for a slight 
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transient rise immediately following injection, downward rather 
than upward. 

6. This downward trend was more marked in the systolic than in 
the diastolic pressure resulting in 

7. A slight but constant decrease in pulse pressure. 

8. In general, the higher the initial pressure, the greater the fall 
following injection of pituitrin, and 

9. The possible mechanism of this greater fall in hypertensive 
individuals is suggested. 

Conclusions. 1. Intramuscular injection of pituitrin (1 cc. Parke, 
Davis & Co. obstetrical) into man is not followed by any constant 
change in blood pressure. 

2. Where change is observed, it is more often a fall than a rise. 
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STENOSIS OF THE PULMONARY CONUS AT THE LOWER 
BULBAR ORIFICE (CONUS A SEPARATE CHAMBER) 
AND CLOSED INTERVENTRICULAR SEPTUM. 

WITH TWO ILLUSTRATIVE CASES.* 


CASE 1. WITH DEXTROPOSITION OF AORTA AND ANEURYSM OF 
INTERVENTRICULAR SEPTUM, ALL FETAL PASSAGES CLOSED. 
CASE 2. WITH PATENT FORAMEN OVALE AND SUBACUTE INFECTIVE 
ENDOCARDITIS. 


By W. W. Eakin, M.D., 
ASSISTANT DEMONSTRATOR OF CLINICAL MEDICINE, 
AND 
Maupe E. B.A., M.D., 


ASSISTANT PROFESSOR OF MEDICAL RESEARCH, MC GILL UNIVERSITY, 
MONTREAL, CANADA. 


(From the University Clinic, McGill University, and the Children’s Memorial 
Hospital.) 


A WELL-DEFINED but rather uncommon type of pulmonary 
stenosis is that in which the constriction is situated at the lower 
bulbar orifice of the infundibulum, which structure is expanded above, 


* Presented before the meeting of the American Association of Pathologists and 
Bacteriologists, Washington, D. C., May 9, 1933. 


Fig. 1.—(Case 1.) Lateral view of head and upper part of body of patient 
showing vestiges of left auricle with slit-like canal opening and nodule of carti- 
laginous tissue at tip of mastoid, also abnormally low distribution of hair on the 
nape of the neck. 


Fig. 2.—(Case 1.) Roentgen ray of heart showing great increase in transverse 
diameter due to dilatation of right auricle and marked hypertrophy of right ven- 
tricle, the latter forming the lower fourth of the right cardiac shadow. Broaden- 
ing of the shadow to right in region of great vessels suggesting dilated superior 
vena cava and marked prominence of pulmonary are due to dilated conus at A. 
The aortic knob is also prominent. 
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Fic. 3.—(Case 1.) Electrocardiogram showing right axis deviation and increased 
amplitude of Q.R.S. deflections. Large ‘‘P’’ deflections are seen in Leads I and II. 
The P-R interval is 0.24 seconds. 


LEFT VERTEBRAL ARTERY. 


AORTA. PARS. MEMB: 


CONUS ORIFICE 


EUSTACHIAN VALVE = 


CONUS ORIFICE 


Fic. 4.—(Case 1.) Stenosis of pulmonary conus at lower bulbar orifice with 
complete closure of all fetal passages. a, anterior view of heart showing re- 
lations of great vessels at the base and the conus of right ventricle laid open. 
Note thickened endocardium lining triangular cavity and minute conus orifices 
communicating with’ sinus of ventricle also hypoplasia of pulmonary valve and 
trunk and dilated ascending aorta; b, interior of aortic vestibule. Note slight 
dextroposition of aorta and aneurysmal pars membranacea; c, right chambers 
laid open to show interior of sinus portion of right ventricle. Note massive simple 
hypertrophy and fibrosis of musculature of right ventricle and minute conus orifices, 
also anomalous chordae in right auricle. Specimen No. 10451 in the Medical 
Museum of McGill University. Drawing by Mrs. H. Thomson. 
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Fig. 5.—(Case 1.) Sections through myocardium of right ventricle in vicinity 
of stenosed bulbar orifice. a, low power view showing diffuse fibrosis of myocar- 
dium and sclerosis of vessels supplying fibrosed areas. Mallory’s phosphotungstic; 
b, the same, high power view; c, the same showing curious asymmetrical hyper- 
plasia of it:timal lining of arteriole in fibrosed area; d, the same. Sclerosis of 
arteriole. High power. Elastic tissue stain. 
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Fic. 6.—(Case 2.) Roentgenograph of heart showing widening in region of right 
auricle, small aortic knob and some enlargement in region of pulmonary conus. 


Fic. 7.—(Case 2.) Stenosis of pulmonary conus at Jower bulbar orifice. Ven- 
tricular septum closed. Infective endocarditis (S. viridans) of pulmonary cusps 
and margins ef conus orifice. Case of Dr. Wm. Thalhimer. Drawing by P. M. 
Lariviére from the specimen in the Medical Museum of McGill University. 
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forming a separate chamber, from the distal end of which the pul- 
monary artery, usually unchanged in caliber and supplied with 
3 normal semilunar cusps, is given off. This condition was first 
differentiated from other forms of pulmonary stenosis by Keith,! 
who found among 270 malformed hearts that he examined in the 
different London museums 19 instances of this anomaly. In his 
further study of the fate of the reptilian bulbus in the human heart 
he laid stress upon this type of malformation as indicating delayed 
‘involution or arrest of development of this structure at that early 
stage of embryonic life in which it exists as a separate cavity. 

The bulbus cordis is that part of the primitive cardiac tube 
which lies between the common ventricle and the pulmonary aorta 
in the embryo between the 4th and 5th weeks of development. 
It represents a stage that is seen as a permanent condition in 
fishes, notably teleosts and elasmobranchs, and in certain reptiles. 
The fate of the bulbus, as pointed out by Greil, Keith and others, 
is incorporation into the musculature of the ventricles, with dis- 
appearance of its constituent on the left side, the blood passing here 
directly into the systemic aorta, while on the right side it persists 
as the infundibulum of the latter ventricle. Visible vestiges of the 
bulbus are seen in the adult heart in the great septal bands of the 
right ventricle and in the outer wall of the pulmonary conus. In 
the human heart the function of the incorporated bulbus is still, in 
the opinion of Keith and other anatomists, like that of Amphibia 
and Reptilia to provide a safeguarding of the capillary system of 
the lungs from raised and prolonged elevations in blood pressure. 
As the systolic pressure rises the valvular mechanism of the bulbus 
tends to shut off the pulmonary circulation. More recently, 
Spitzer has made the further suggestion that these cases as well as 
those of the so-called “tetralogy of Fallot” are explained by an 
incomplete torsion of the bulboventricular end of the primitive 
cardiac tube, which, he believes, leads secondarily to a persistence 
of the right “reptilian” aorta and to an obliteration of the so-called 
left aorta of the normal human heart. A discussion of this ingeni- 
ous and fruitful theory is beyond the scope of the present article. 

In most cases of stenosis at the lower bulbar orifice with persistence 
of the pulmonary conus as a separate chamber, a defect of the 
interventricular septum with some dextroposition of the aorta is 
associated, and this combination is to be expected, since normal 
involution’ of the bulbus takes place in early embryonic life before 
the cardiac septa have closed or normal torsion of the great trunks 
has taken place. The 2 cases here presented are of exceptional 
interest from this standpoint in that in both the interventricular 
septum is closed. In Case 2 (Fig. 6), there is no other associated 
anomaly except a widely patent foramen ovale, the interventricular 
septum being entire and the great trunks normally placed. In 
Case 1 (Fig. 4), however, a definite dextroposition and twisting 
upon itself of the aorta is present and there is also a distinct thin- 
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ning and aneurysmal bulging of the interventricular septum just 
anterior to the undefended space. Case 1 is further remarkable 
and, indeed, unique in the literature in that there exists here com- 
plete closure of all fetal openings, the foramen ovale and ductus 
arteriosus being both quite impervious and the interauricular and 
interventricular septa entire, in the presence of an almost complete 
obliteration of the lumen of the right ventricle. between the sinus 
and conus at the situation of its “lower bulbar orifice.” Thus the 
only avenues whereby venous blood could reach the lungs for 
aération were the minute apertures in the musculature of this 
chamber described below (Fig. 4, orifices A and B). The result 
has been on the one hand an enormous ventricular hypertrophy 
behind the constriction with an extreme myocardial fibrosis and 
obliterative endarteritis of the coronary arterial radicles supplying 
the sclerosed areas; and on the other a hypoplasia of the otherwise 
well-formed pulmonary artery and valves, due to the small amount 
of blood transmitted to this vessel. 

Where a defect of the interventricular septum is present, as in 
most of the cases of this type of conus stenosis in the literature, as 
also when other cardiac and grave somatic malformations were associ- 
ated (as in our Case 1), a congenital origin of this anomaly may 
be safely assumed and Sir Arthur Keith’s explanation of it as a de- 
layed involution of the bulbus cordis with “persistence of the lower 
bulbar orifice’ may be accepted as presenting at least a satisfactory 
hypothesis. In those cases, however, in which there is no defect of 
the interventricular septum nor any other cardiac anomaly except, as 
in Case 2 (Fig. 6), a widely patent foramen ovale, the question as 
to the possible inflammatory origin of the constriction in the lower 
part of the conus must be considered. The fact that histologic 
examination of the musculature of the right ventricle in this latter 
case showed no fibrosis or other evidence of old inflammation 
argues against such a contention, and for this and other reasons 
it seems to us probable that this also falls into the congenital 
category. An exhaustive search of the literature has revealed 
only 2 other cases of this type of bulbar stenosis without associated 
septal defect, those reported by Lafitte? and by Clarke.* Both were 
in young women, aged 21, and in both the ventricular septum was 
entire and the foramen ovale widely patent. Clarke’s case resembled 
our Case 2 in exhibiting extensive streptococcal vegetations. Follow- 
ing is the report of the 2 remarkable cases here presented: 


Case Abstracts. Case 1.—(From the Cardiac Service of the Children’s 
Memorial Hospital.) Stenosis of pulmonary conus at lower bulbar orifice, 
the conus forming a separate chamber with closure of all fetal openings and 
ventricular septum entire. Dextroposition of aorta with aneurysm interventric- 
ular of septum but no ventricular septal defect. Massive simple hypertrophy 
of right ventricle. Multiple somatic defects. 

A boy, aged 12, was admitted to the Royal Victoria Hospital on Decem- 
ber 26, 1930, with a history of heart disease since birth. It was definitely 
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noticed that at 2 years of age, while running about and climbing stairs, he 
became very short of breath, cyanosed about the lips and tired easily. 
Though he did not take strenuous exercise or indulge in the usual games, 
he was considered to be in fair health until the present time. For 5 years 
he had been at an institute on account of his poor hearing and speech. 
About 2 weeks previous to admission, the principal had noticed that his 
appetite was poor, and that he was not as interested in his surroundings 
as usual. He next complained of general pain and malaise with some 
precordial pain, and 4 days later (December 24) it was noticed that his 
face was greatly swollen and that there was generalized edema of the body 
and scrotum. The condition had become progressively worse. There 
was no history of sore throat, nasal discharge or “cold” prior to the onset 
of edema. He had had a purulent discharge from both eyes intermit- 
tently since birth, more marked on the right. There was no past history 
of previous edema nor of rheumatic fever or chorea, convulsions, jaundice 
or hemorrhage. The tonsils and adenoids had been removed at 3. He 
was subject to “colds,” and had measles at 6. His family history was 
negative; two brothers are alive and well. 

Examination revealed marked edema of the face, lower sacral region 
and extremities; also ascites. He was very dyspneic, the lips, face, hands 
and fingers were moderately cyanosed and there was definite clubbing of 
fingers and toes. Temperature normal. There was a purulent discharge 
from both eyes with a congenital papilloma of the right conjunctiva bulbi 
at the limbus, which had incited a chronic conjunctivitis. 

He had likewise a purulent discharge from both ears. There was also a 
bilateral cleft of the hard palate, not perforated. The soft palate was intact. 
His intelligence was somewhat below normal. There was also a congenital 
absence of both external ears (Fig. 1). The auricles were represented only 
by small nodules of cartilaginous tissue, on the right side located close to 
the opening of the meatus; on the left, more posteriorly just over the tip 
of the mastoid and 1 inch behind and above the slitlike canal opening. 
This opening existed on either side as a linear slitlike orifice, about } inch 
from above downward. The canal itself was much narrowed as it extended 
inward and upward at an angle of 45 degrees; on the left side to 1 mm. in 
diameter and on the right to 2 mm. A probe could be passed on either 
side for a distance of 1} inches. 

There was a marked increase in venous pressure: the jugular veins were 
engorged and showed visible pulsation. The pulse was regular, of small 
volume and there was no evidence of arterial thickening. Blood pressure 
was 92 mm. systolic and 70 mm. diastolic. Pronounced systolic thrill 
was present over the midprecordium, felt most strongly over the 3d and 
4th interspaces at the left sternal border. At the level of the 3d rib the 
area of substernal dullness was increased. The heart was enlarged to 
9.5 cm. to the left, 4.5 cm. to the right of the midsternal line. The sounds 
were well heard with a loud, rough, blowing systolic murmur of maximum 
intensity at the level of the 4th left interspace. It radiated from that 
point with diminishing intensity, being audible in the axilla and faintly 
in the back. The pulmonary and aortic second sounds were clear. Roent- 
gen ray of chest at 6 feet (Fig. 2) showed the heart greatly enlarged both 
to right and left, with widening of the shadow in the region of the great 
vessels and a knoblike prominence of the pulmonary arch. The electro- 
cardiogram is shown in Fig. 3. 

Fluid was present at both the lung bases. The liver was greatly enlarged, 
but there was no definite pulsation. Ascites was present. The urine 
showed a specific gravity of 1022, a trace of albumin on admission only 
and occasional granular casts. The blood Wassermann was negative and 
the count showed R.B.C., 4,650,000; W.B.C., 8400; hb., 80 per cent. 

He was discharged on February 20 to a convalescent home and read- 
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mitted on March 20. In the interval he had had recurring attacks of 
extreme cyanosis, but examination at this time showed the cardiac condi- 
tion unchanged, though the enlargement of the liver had increased. On 
March 28 a fluoroscopic examination was made by Dr. Hugo Résler, who 
reported as follows: “There is great enlargement of the heart to the right 
and left. The right contour is rounded, evidently produced by a dilated 
right auricle. The lung fields are clear and the pulmonary vessels at the 
hilum are not enlarged. The shadow above the heart is broadened, and 
there a shadow along the left border suggesting a dilated superior vena 
cava (?).” 

He was discharged from the Royal Victoria Hospital on March 28 and 


‘was admitted to the Children’s Memorial Hospital on June 17. His con- 


dition was essentially the same, except that cyanosis and generalized edema 
were now extremely marked and he took little interest in his surroundings. 
By paracentesis of the abdomen 3000 cc. of fluid was withdrawn. The 
urine showed a specific gravity of 1015, but no albumin or sugar present. 
Examination of the blood showed the urea nitrogen to be 52 mg. per 100 cc.; 
creatinin, 2.22 mg. per 100 cc.; R.B.C., 5,500,000; W.B.C., 7400; hb., 80 
per cent. He continued in this condition and died on July 9, 7 months 
after the sudden onset of circulatory failure. 

Autopsy. (Children’s Memorial Hospital.) There-was extreme anasarca 
and a large accumulation of clear yellow fluid in the peritoneal cavity and 
left pleural sac. The lungs were collapsed and small, especially the left 
side, and the much hypertrophied heart occupied the greater part of the 
thoracic cavity (vide infra). The liver projected below the costal margin 
for 5 inches in the right mammary line, its surface was coarsely granular 
and the edge was thin as from long-standing passive congestion. It was 
densely adherent to the right abdominal wall by fibrous adhesions. 

Microscopic examination showed passive congestion of the lungs, spleen 
and kidneys and advanced cardiac cirrhosis of the liver, cloudy swelling 
of the kidneys and an old perisplenitis with degeneration and fibrosis of 
adrenals. 

Detailed Description of Heart. (M.E.A.) (Fig. 4.) Appearance in situ: 
The heart lay almost transversely in the thorax with the huge ventricular 
part next to the diaphragm. The greatly dilated right auricle arose per- 
pendicularly on the right to a height of 6 cm. above the a-v groove, encircling 
the large aorta on the right and its auricular appendage, and curving for- 
ward anteriorly to the median line. A very deep a-v groove separated 
the muscular shoulder of the right ventricle from the right auricle and 
the root of the right auricular appendix. In the depth of the hollow so 
formed was seen arising in the median line a very large arterial trunk, the 
aorta, which was elongated in the ascending and first part of the transverse 
arch, and, bulging to the right, turned sharply to the left and gave off from 
the left upper angle of the transverse arch the great vessels in their normal 
relations but crowded together. An anomalous artery (? left vertebral) 
arose between the left carotid and subclavian. In front and to the left 
of the aorta was the prominent elevation seen in the Roentgen ray which 
proved to be the collapsed and thin-walled dilated conus of the hypoplastic 
pulmonary artery. 

On laying open the heart the huge right auricle was seen to have hyper- 
trophied walls 0.5 cm. thick. The Eustachian valve, guarding the I.V.C. 
orifice, was a large semilunar structure, 3 cm. long by 1.3 cm. wide, and 
presented a curious reticulated structure, but not fenestrated. The 
Thebesian valve was represented by a fine cord crossing the coronary 
sinus from the lower edge of the Eustachian valve to the tricuspid orifice, 
which sent off from its center a single branching filament inserted by two 
attachments to the posterior borders of the coronary sinus orifice. Another 
anomalous chorda, 3 cm. long, crossed the cavity of the right auricular 
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appendix from above downward to be inserted in the wall of the right 
auricle about 1 cm. above the marginal tricuspid segment. The foramen 
ovale was completely closed and the annulus ovalis well formed. 

The right ventricle possessed an enormously thick wall, 2.5 cm. in parts, 
with a small cavity and much hypertrophied column carnee. The endo- 
cardium was greatly thickened. The conus at first appeared to be com- 
pletely separated from the sinus by the heavy muscular trabecule forming 
the thick anterior wall of the latter. Closer observation, however, disclosed 
a small ovoid foramen with tendinous edges, 5 cm. in its longest diameter, 
situated in the anterior wall of the ventricle, 2 cm. below the junction of 
the septal and infundibular tricuspid segments and 3 cm. from the apex. 
This orifice perforated the musculature and led into the lower angle of the 
conus, which thus formed a triangular and entirely separate chamber with 
the apex directed downward, 2.5 cm. in depth and 4.5 cm. in circumfer- 
ence at its base, just below the pulmonary valve where it burrowed some 
distance into the musculature to the right and anteriorly. The walls of 
this conus chamber were 1 cm. thick and lined by thickened endocardium, 
differentiated at its lower angle into some fine strands resembling chord 
tendinez which were attached to the margins of two minute channels leading 
downward between the trabecule and emerging into the sinus of the right 
ventricle near its apex. The pulmonary cusps, 3 in number, were smaller 
than normal and inserted abnormally deep in the musculature of the conus, 
but thin and healthy. The pulmonary orifice was 3.5 cm. in circumference 
and without constriction or stenosis, but both it and the artery were dis- 
tinctly hypoplastic, the latter being very thin-walled and only 3 cm. in 
circumference. The ductus arteriosus was entirely closed, a faint scar on 
the interior of the aorta opposite the origin of the left subclavian artery 
remaining to mark its site of obliteration there. 

The left auricle was a roomy chamber, about half the size of the right, 
lined with thickened endocardium, and walls somewhat hypertrophied 
(0.5 em. thick) but was otherwise normal. The mitral valve and orifice 
were normal in size and appearance. The left ventricle was small in com- 
parison with the right, with walls 1 cm. thick. The aorta was thick- 
walled and some 4 cm. in circumference. It was twisted on its axis and 
dextroposed to the right, its left anterior cusp being apposed posteriorly 
to the right posterior pulmonary cusp with its right anterior and posterior 
cusps entirely to the right of the pulmonary artery. The undefended space 
was large, with its anterior border below the junction of the left anterior 
and posterior aortic cusps. The interventricular septum was closed, but 
the area just anterior to the undefended space was membranous, indicative 
of a defective development. At this area it bulged forward and downward 
into the right ventricle just at the junction of the septal and infundibular 
cusps of the tricuspid valve, forming a channel which ended blindly behind 
the thickened endocardium’ lining the sinus, 2 cm. above the conus orifice. 

A histologic study of the myocardium of the right and left ventricles was 
carried out with the kind assistance of Dr. L. J. Rhea, pathologist to the 
Children’s Memorial Hospital and the following interesting findings were 
described : 

Right ventricle (longitudinal section taken from the attachment of the 
tricuspid valve to the apex through the entire thickness of the posterior 
wall): The endocardium shows some localized areas of thickening and 
fibrosis. There is a general increase of connective tissue throughout the 
myocardium and in addition there are numerous focal areas of fibrosis 
which vary in extent from a moderate degree to one which almost com- 
pletely replaces the musculature. In these patches of extreme fibrosis the 
surviving muscle fibers show marked atrophy (Fig. 5, a, b). The fibrosis 
has no fixed relation to any particular area of the myocardium but is more 
marked in the region subjacent to the endocardium, extending inward for 
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some distance beneath this and gradually fading away in the surrounding 
musculature, and it is most extreme toward the apex and in the vicinity 
of the abnormal “bulbar” orifice. ‘The muscle fibers in the areas relatively 
free from fibrosis show hypertrophy and some degeneration. 

Vascular changes: Associated with the focal areas of fibrosis in the myo- 
cardium is a marked degree of sclerosis of the coronary branches supplying 
the part. This sclerosis is much less pronounced in the less fibrosed areas 
but reaches an extreme degree in the arterioles that supply that part of 
the myocardium described above as being the seat of the most advanced 
connective tissue replacement. In some arterioles the sclerotic change 
involves the entire circumference of the vessel, the lumen of which is 
almost obliterated; in others this is limited to one side of the arterial wall 
(Fig. 5, c). One of the vessels that presents the most marked lesions is 
situated just beneath the endocardium and is separated from this on either 
side by thin trabecule of muscle bundles (Fig. 5, d). 

The pericardium is thickened in some places and one area of intense 
fibrosis with a small sclerosed artery in its center is seen. On the whole, 
however, it shows relatively little change. 

Left ventricle: The myocardium is relatively normal, only a slight 
degree of fibrosis being present. The arterioles are likewise normal except 
in the case of a few isolated branches possibly derived from the right coro- 
nary circulation, which show a moderate degree of intimal thickening. 

Interventricular septum: Sections taken at the base in the region of the 
bundle of His show the same extensive fibrosis of the myocardium directly 
underlying the endocardium on the side of the right ventricle and undoubt- 
edly some of the fibers passing down in this situation must have been caught 
in this scar tissue, thus accounting for the slight delay in conduction present 
during life, but the area where this had occurred was not made out in the 
sections. On the side of the left ventricle, on the other hand, and in the 
deeper layers of the right ventricle, the muscle fibers were intact and there 
was little or no fibrosis. 

Case 2.—Stenosis of pulmonary conus at lower bulbar orifice (conus a 
separate chamber), ventricular septum closed, foramen ovale widely patent. 
Subacute bacterial endocarditis of pulmonary cusps and margins of conus 
orifice and embolic glomerulonephritis. Terminal cyanosis. 

The heart from this case was presented to one of us (M. E. A.) for the 
McGill Museum by Dr. William Thalhimer of Milwaukee, Wis., whose 
account of the autopsy is transcribed below. The following clinical notes 
were kindly supplied by Dr. H. A. Holbrook of that city. 

The patient was a young married woman of unstable family history. 
One sister committeed suicide, another had been in a sanatorium for 20 
years with paranoia, a third had pernicious anemia and one brother is hypo- 
chondriacal and a confirmed neurasthenic. Three other sibs were alive 
and well. Both parents died following a cerebral thrombosis, aged respec- 
tively 75 and 79; in both the blood Wassermann was negative. 

Personal History. “The patient had suffered no illness. of significance. 
Examining her before her projected marriage, I discovered a heart lesion 
which was manifested by an atypical very loud blow with maximum inten- 
sity over the pulmonary valve area, but extending over the precordial 
region and being audible over almost any part of the chest to careful 
auscultation. The diagnosis of disease of the pulmonary orifice was made, 
and the patient advised against pregnancy. The family dissented; had 
never had any intimation that this daughter had ever had any heart affec- 
tion and took her to see Dr. Frank Billings in Chicago. Dr. Billings made 
a diagnosis of probable pulmonary and possibly aortic affection and advised 
against pregnancy. This advice was not heeded, and, following upon her 
marriage, she went through 2 pregnancies with an almost fatal outcome 
to her each time. The 2 children were apparently perfectly normal. 
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After each delivery she spent at least 2 months in bed, and after 1 sponta- 
neous miscarriage at about the 5th or 6th month she was in bed some 
3 months. 

“During my observation of her, which extended from the discovery of her 
trouble until the day of her death, she showed dyspnea on exertion which 
increased in her later days to the extent of fainting spells and a cyanotic 
appearance. Early in her married life she played golf and tennis and rode 
horseback. Later she could not carry on these activities. I noticed no 
clubbing of her nails. Her blood Wassermann and Kahn tests were con- 
sistently negative. 

‘Roentgen ray of her heart taken a few months before death (Fig. 6) 
showed a heart of unusual shape with considerable widening in the region 
of the right auricle and in the region of the pulmonary artery. On the 
other hand, the aortic knob is very small for a heart of this size. The 
appearance is rather characteristic of congenital heart disease. 

“The blood cultures before death showed consistently greenish colonies 
of chains of Gram-positive cocci—characteristically streptococcus viridans.” 

A partial autopsy was done on October 19, 1927, by Dr. Thalhimer. 
Inspection showed a considerably emaciated body with skin of a peculiar 
creamy gray (so-called café-au-lait). The peritoneal surfaces were smooth 
and glistening and there was no free fluid in the abdomen. The liver was 
somewhat enlarged and presented marked nutmeg appearance and a con- 
siderable degree of cloudy swelling. The spleen was about twice its normal 
size, soft, with tense capsule and bulging out surface, but no infarcts. 
The lungs presented large areas of gray hepatization in the lower lobes of 
both lungs but no infarcts and there were firm pleuritic adhesions of the 
lower right lung and the apex of the left. There was no fluid in either 
pleural cavity. 

The heart (Fig. 7) was slightly enlarged, but lay in its normal position. 
The pericardial cavity contained 50 cc. of serofibrinous fluid. @oth vis- 
ceral and parietal pericardia were cloudy and covered with creamy yellow 
fibrin. The heart measured from base to apex 12.5 cc. The wall of the 
right ventricle was 1.5 cm. thick from base to apex. The left ventricle 
had the same thickness also from base to apex. The right auricle was 
moderately dilated, its wall slightly, if at all, thickened and its lining some- 
what whiter than normal. The auricular appendage was normal. The 
tricuspid orifice admitted 3 fingers, its flaps were slightly thickened and 
fibrosed, and their auricular surface somewhat irregular. There were no 
vegetations upon it, and no projecting shelf. The trabecule of the right 
ventricle were very large and prominent. There was a very unusual 
anomaly of the outflow tract of the right ventricle, with obscure orifice. 
At the base of the ventricle where the ventricular wall was reflected from 
the interventricular septum, and lying immediately behind the insertion 
of the tricuspid valve, was a small, irregular opening, 8 mm. in its longest 
diameter and 4 mm. in width, having the appearance of an irregular slit. 
Its edges on the ventricular side were very white and fibrosed, and com- 
pletely covering this edge and covering the slit as it proceeded away from 
the ventricle were greenish, yellowish, wartlike, friable vegetations, which 
projected only a few millimeters. The pulmonary artery was then opened 
from above downward. As soon as this was opened it was found to contain 
a large, irregular, greenish-yellow thrombus, about 1.5 by 1 by 5 cm. in 
size, attached to one of the pulmonary cusps, but otherwise lying free. 
The incision, continued beyond the pulmonary cusps until it came to the 
slit previously described, revealed a normal pulmonary ring, with 3 cusps, 
all of them showing polypoid and warty vegetations of the type already 
described. The large vegetation found in the pulmonary artery was found 
to have its base attached to the most anterior of the pulmonary cusps, and 
lying upon the pulmonary cusp next to that on which it arose. This last 
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pulmonary cusp was almost completely eroded away, its irregular edge 
showing fine, wartlike vegetations. Below the pulmonary ring is a small 
muscular cavity, 3 cm. in depth and about the same in width. It went 
downward to an apex, to one side of which can be seen the superior opening 
of the slit already described. This view of the slit was similar in appear- 
ance to that seen from the ventricular side, but this edge is surrounded 
by more and larger vegetations, which extend on to the wall of this cavity 
for a distance of 0.5 cm. around the edge of the slit. The wall of this 
muscular cavity at its thickest portion was 0.5 cm. thick. The course of 
the blood, therefore, was from the right ventricle through this narrow 
opening into this smal] extramuscular chamber, and from there into the 
pulmonary artery. The left ventricle shows no special abnormality. The 
left auricle is about normal in size, and the mitral flaps are a little more 
thickened and irregular than the tricuspid ones. The outflow tract leading 
into the aorta is normal. The aortic valves, seen from above, appeared to 
be slightly, irregularly thickened, but showed no vegetations or other 
marked abnormality. The foramen ovale was closed. The coronary arter- 
ies could not be carefully investigated, but seemed to show no abnormality. 

Microscopie examination showed marked hyperplasia of the fibers of the 
right ventricle and considerable fragmentation, but no definite areas of 
fibrosis or marked changes in the bloodvessels. The left ventricle presented 
a much slighter and more irregular hyperplasia of the muscle fibers and 
some perivascular round cell infiltration. The kidneys presented a few 
definite embolic glomerular lesions and some focalized areas of round cell 
infiltration, tubules distended with albuminous material and hyalin casts 
and a diffuse increase of interstitial tissue. Spleen showed marked conges- 
tion and hyperplasia with hyalinization of Malpighian corpuscles. Lvuver, 
marked cloudy swelling and fatty degeneration. Gray hepatization and 
edema of lungs. 


Seine. One of the most interesting features in the remarkable 
heart of Case 1 is the extensive myocardial degeneration and 
fibrosis of the wall of the right ventricle proximal to the constricted 
conus orifices and the extensive sclerosis with intimal hyperplasia 
of the coronary arterioles in this location. Neither the conus of 
the right ventricle distal to the defect nor the wall of the left ven- 
tricle presented these degenerative and sclerotic changes, which 
were sharply localized to the sinus of the right ventricle and were 
undoubtedly the indirect result of the greatly raised pressure in 
this chamber, which had to force all the blood for the pulmonary 
circulation through these two minute openings (Fig. 4, a,6) all fetal 
passages having become closed so that no other outlet existed. 
The sequence of events as regards the localized coronary sclerosis is 
not obvious, for since the right coronary arose normally from the 
aorta and the systemic blood pressure remained within normal 
limits, a rise of pressure within the cavity of the right ventricle 
could not act upon the pressure within the right coronary lumina. 
However, the following tentative explanation may be offered: The 
first response to the strain thrown upon this chamber by the force 
required for the expulsion of the venous blood to the lungs was 
clearly the development, at an early stage and while the right 
coronary branches were healthy, of the extraordinary degree of 
simple hypertrophy of this chamber that existed (its walls being 
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2.5 em. thick). A certain amount of myocardial degeneration and 
fibrosis might well have accompanied and followed this extreme 
hypertrophy, but this would not in itself explain the coronary 
sclerosis. At the same time, however, the effects of the friction of 
the impeded blood current upon the endocardium of the small 
sinus chamber behind the conus orifices must have been greatly 
intensified by the abnormally high pressure that existed here, 
resulting in a marked thickening and fibrosis of the endocardium 
here and extension of these changes to the immediately underlying 
myocardium. This conclusion is borne out by the fact that this 
myocardial degeneration was definitely more pronounced in the 
vicinity of the defect and toward the interior of the ventricle than 
toward its epicardial surface. ‘The extraordinary change that super- 
vened in the coronary radicles suggest that the terminal radicles of 
these may have become involved in this fibrosis with resultant 
constriction of their lumina and that a raised peripheral pressure in 
these areas resulted. A vicious circle would thus have been created, 
the coronary sclerosis exaggerating the fibrosis, and the progressive 
advance of the latter increasing always more and more the peripheral 
resistance by involving new areas in the sclerosing process. This 
seems to us the most reasonable explanation of the changes shown in 
Fig. 5, a, b, c, d. 

In Case 2, on the other hand, the constriction at the lower bulbar 
orifice was of quite as severe a grade but the foramen ovale was 
widely patent, permitting free escape of the blood dammed back 
behind the stenosed orifice into the left auricle. The result was 
that the same condition of raised pressure did not exist in this case 
in the sinus of the right ventricle, so that, although there was some 
little hypertrophy of the muscle fibers in this situation, there was 
practically no myocardial degeneration or fibrosis, and the extra- 
ordinary sclerosis of the coronary arterioles seen in this locality in 
Case 1 was here entirely absent. 

The other feature of special interest in this second case lies in 
the presence, on the pulmonary cusps and margins of the bulbar 
orifice in its conus side, of a luxuriant growth of subacute bacterial 
vegetations of Streptococcus viridans origin. So abundant was 
this process that a large tag, attached to one pulmonary cusp and 
necrosing another across which it lay, projected free into the pul- 
monary artery for a distance of 5 cm. (not shown in Figs. 5 or 6, 
as it was unfortunately torn off and lost before the drawing was 
made). The valvular endocardium elsewhere alike at the tricuspid, 
mitral and aortic orifices was free from disease. The frequency 
with which a Streptococcus viridans infection involves the seat of 
a cardiac anomaly in patients attaining adult life is notorious and 
Thalhimer’s case is a classic example of this combination. 

Summary. 1. Two cases are presented of stenosis of the pul- 
monary conus at the lower bulbar orifice, in both of which the inter- 
ventricular septum was closed. In Case | all other fetal passages 
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were closed also and a remarkable condition existed of localized 
degeneration and fibrosis of the myocardium of the right ventricle 
behind the stenosed orifice together with sclerosis of the coronary 
arterioles supplying the musculature in this area. 

2. This localized sclerosis and myocardial degeneration would 
appear to have been an indirect result of the tremendously raised 
pressure that existed in this case in the interior of the sinus of the 
right ventricle, the wall of which, owing to the closure of all fetal 
passages, had to force all the blood required for the pulmonary 
circulation through the constricted conus orifice. This abnormally 
high pressure is thought on the one hand to have produced an 
extreme degree of simple hypertrophy with some accompanying 
myocardial degeneration, and on the other hand to have increased 
the effects of the attrition exercised by the impeded blood current 
on the endocardium lining the chamber behind the defect, this 
friction under pressure producing a fibrosis extending from the 
endocardium in the vicinity of the defect to the subjacent myo- 
cardium. It is suggested that the myocardial fibrosis thus induced 
would have so involved the terminal coronary arterioles that a 
localized condition of raised peripheral pressure resulted. In this 
way a vicious circle was created, the end-result being the remark- 
able obliterative coronary sclerosis with myocardial degeneration of 
the areas supplied. 

3. In Case 2 a widely patent foramen ovale coéxisted with the 
defect and this relieved the pressure in the local circulation behind 
the constriction. There was no sclerosis either in the coronary 
vessels in this situation nor in the myocardium supplied by these, 
although the patient had attained adult life and had been through 
2 pregnancies. 

4, Case 2 adds to the literature another instance of a subacute 
Streptococcus viridans infection developing at and sharply localized 
to the seat of a cardiac anomaly. It also illustrates the extraordi- 
nary luxuriance on the side of the right ventricle of the vegetations 
so induced, a feature the peculiar significance of which is not yet 
fully understood.* 

The writers’ thanks are expressed to Dr. L. J. Rhea, pathologist to the Children’s 
Memorial Hospital, for his assistance in the histologic studies made upon the myo- 
cardium of Case 1; also to Dr. William Thalhimer and Dr. H. A. Holbrook, of Mil- 


waukee, Wis., for so kindly placing at our disposal the clinical and pathologic data 
of Case 2. 
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AstHMA, Hay FEVER AND RELATED DisorpERS. By SAMUEL M. FEINBERG, 
M.D., F.A.C.P., Assistant Professor of Medicine and Attending Physi- 
cian in Asthma and Hay Fever Clinic, Northwestern University Medical 
School; Attending Physician, Cook County Hospital, Chicago. Pp. 124, 
8 illustrations. Philadelphia: Lea & Febiger, 1933. Price, $1.50. 
Tuts little volume is a statement for laymen of the theory and principles 

of diagnosis and treatment in the allergic diseases. Without going into 

very great detail, it nevertheless will give the patient a better understanding 
of his ailment and thereby make possible intelligent codperation on = 


Mepicau Aspects oF Age. By Str Humpury Rouuzston, Bakrr., 
G.C.V.0., K.C.B., M.D., Hon. D.Sc., D.C.L., LL.D., Regius Professor 
of Physics in the University of Cambridge, etc. Pp. 205; 7 illustrations. 
New York: Macmillan & Co., Ltd., 1932. Price, 7/6. 

A REVISED and enlarged edition of the Linacre Lecture of 1932, this little 
volume is not a treatise on geriatrics, but an interesting presentation of 
various medical phases of the subject that will provide instructive and 
pleasant reading for all physicians. R. K. 


INDIVIDUALITY OF THE BLoop. By Proressor Leone Larrss, Director 
of the Institute of Forensic Medicine in the University of Modena. 
Translated by L. W. Howarp Bertiz, M.A., B.M., B.Cu. (Oxon.), 
from the French Edition, 1929. Pp. 413; 71 illustrations. New York: 
Oxford University Press, 1932. Price, $7.50. 


A piscussion of “those constitutional peculiarities of the blood which 
enable us to distinguish between individuals of the same species.”’ The 
author presents an exhaustive review of data on human isoagglutination 
and isolysis; the hereditability of these characteristics; the clinical applica- 
tion in such procedures as transfusion and tissue grafting; the medico- 
legal aspects (determination of parentage, diagnosis of blood stains); 
techniques of the various tests. That the author has performed a great 
service in assembling under a single cover an enormous amount of informa- 
tion that hitherto could be found only in isolated articles (2375 references 
in 92 pages of bibliography) is attested by the fact that the volume has 
been translated from the original Italian into German, French and — 


Non-TROPICAL Spruz. By Tu. E. Hess Toaysen, M.D., Senior Physician 
to the St. Elizabeth’s Hospital, Copenhagen. Pp. 258; 39 illustrations: 
Copenhagen: Levin & Munksgaard, 1932; London: Oxford University 
Press, 1932. 

Tue author presents in detail all available data in the 34 cases (including 

7 of his own) of non-tropical sprue that has been reported in the medical 

literature. On an analysis of this material he bases the conclusion that non- 

tropical sprue, tropical sprue and cceliac disease (intestinal infantilism) 
are very nearly related, probably identical conditions. The evidence is 
well presented and the argument convincing. An important original 
observation of the author is the finding of low or normal blood sugar curves 
on glucose feeding in non-tropical sprue, as contrasted with the usual finding 
of high figures in pancreatic steatorrhea, a condition with which non-tropical 
sprue may be confused. R. K. 
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A System or BAcTERIOLOGY IN RELATION TO MEDICINE. VoLUME VI— 
Immunity. By Various AuTHors. Pp. 537; various charts and tables. 
London: Medical Research Council, 1931. Obtainable in the United 
States at the British Library of Information, 5 East 45th St., New York. 
Price, 1/1/9; for the set 8/14/9. 

Tuis book continues the standard set by the preceding volumes of this 
series published under the auspices of the Medical Research Council. Of 
particular interest are the chapters on the natural immunity and active 
immunization with toxin. The chapter on anaphylaxis and related phe- 
nomena is particularly well rounded and endeavors to discuss this subject 
on the basis of recent advances in physiology. Pertinent references to the 
literature are placed at the end of each chapter. An addition such as this 
to a system of bacteriology should be distinctly valuable to the immunol- 
ogist and to the clinician. L. C., Jr. 


PuysicaL By 8. Courter, M.D., Assistant Professor of 
Physical Therapy, Northwestern University Medical School, Chicago. 
Vol. VIII of Clio Medica Series, edited by E. B. Krumpnaar, M.D. 
Pp. 142; 15 illustrations. New York: Paul B. Hoeber, Inc., 1932. 
Price, $1.50. 

An absorbingly interesting and scholarly presentation of the history of 
physical therapy. This volume maintains the high standard of its pre- 

decessors in the series. G. W. 


Tue DiaGNosis AND TREATMENT OF PostuRAL Derects. By WINTHROP 
Morean Puetps, B.S., M.D., M.A., F.A.C.S., Professor of Orthopaedic 
Surgery, Yale University, etc., and Rosert J. H. KipnutH, Assistant 
Professor of Physical Education, Yale University, etc. Pp. 180; 107 
illustrations, 14 tables. Springfield, Ill.: Charles C Thomas, 1932. 
Price, $4.00. 

A WELL written, well illustrated and well printed monograph upon a 
much needed subject. It should have wide use, not only among physicians, 

but also among physical educators and others interested in body a 


Some Factors IN THE LOCALIZATION OF DISEASE IN THE Bopy. By HaroLp 
Burrows, C.B.E., F.R.C.S., Assistant at the Research Institute of the 
Cancer Hospital (Free), Consulting Surgeon to the War Memorial Hos- 
pital, Gasport, etc. Pp. 299; 6 figures and 8 colored plates. New York: 
William Wood & Co., 1932. Price, $4.50. 

IsoLATED clinical obsetvations and experimental facts are gathered from 
numerous sources and woven into a treatise which stirs the imagination 
of the reader. For the thoughtful, the volume is replete with ideas. It 
opens new vistas; it stimulates. G. W. 


Foop, Nutrition AND Heattu. By E. V. McCo.tum, Pu.D., Sc.D., and 
J. Ernestine Becker, M.A., Professor and Associate, of Biochemistry, 
School of Hygiene and Public Health, Johns Hopkins University, Balti- 
more. Pp. 146; various tables. Third edition, rewritten. Baltimore: 
By the Authors, 1933. Price, $1.50. 

Tus excellent volume, which presents in non-technical language the 
principles and applications of the modern science of nutrition, has been 

rewritten for a third edition. E. W 
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Posture. By Frank D. Dickson, M.D., Orthopedic Surgeon, Saint 
Luke’s Hospital and the Kansas City General Hospital. Pp. 213; 118 
illustrations. ORTHOPEDICS IN CHILDHOOD. By L. SNEED, M.D., 
Attending Surgeon, Hospital for the Relief of the Ruptured and Crippled, 
etc. Pp. 318; 145 illustrations. Philadelphia: J. B. Lippincott Com- 
pany, 1931. Price, $5.00 each. 

Bors of these volumes of the Everyday Practice Series, edited by Harlow 
Brooks, M.D., are written in a very simple style. The material is condensed 
and limited. Apparently no attempt is made to make either volume 
authoritative but rather to present the subjects in a manner slightly more 
expansive than a “compend.” It is felt that both authors, probably at 
the instigation of the editor, have made the mistake of “writing down”’ to 
their readers. The illustrations are poorly reproduced and many are recog- 
nized as old friends. G. W. 


BOOKS RECEIVED. 


NEW BOOKS. 


Bone Growth in Health and Disease. By H. A. Harris, D.Sc. (Lonp.), M.B., 
B.S. (Lonp.), B.Sc. (WatEs), M.R.C.S., M.R.C.P., Professor of Clinical 
Anatomy, University College and University College Hospital, London; 
Hunterian Professor and Arris and Gale Lecturer of the Royal College of 
Surgeons, etc. Pp. 248; 201 illustrations. New York: Oxford Uni- 
versity Press, 1933. Price, $10.50. 

The Science of Radiology. By various contributors. Edited by Orro 
GuassEeR, Cleveland Clinic Foundation. Pp. 450; 108 illustrations. 
Springfield, Ill.: Charles C Thomas, 1933. Price, $4.50. 

Great Men of Science. A History of Scientific Progress. By PHiLipp 
LENARD, formerly Professor of Physics and Director of the Radiological 
Institute in the University of Heidelberg; Nobel Laureate; Rumford 
Medallist of the Royal Society of London; Franklin Medallist of the 
Franklin Institute of Philadelphia. Translated from the Second German 
Edition by Dr. H. Starrorp Hatrietp. With a Preface by E. N. paC. 
ANDRADE, Quain Professor of Physics in the University of London. Pp. 
389; illustrated. New York: The Macmillan Company, 1933. Price, 
$3.00. 

Your Long-suffering Stomach. By ArtHuR F. Krartzer, M.D. Pp. 120; 
illustrated. New York: Robert M. McBride & Co., 1933. Price, $1.50. 

The 1983 Year Book of Radiology. Diagnosis. Edited by CHartzs A. 
Waters, M.D., Associate in Roentgenology, Johns Hopkins University; 
Assistant Visiting Roentgenologist, Johns Hopkins Hospital. Thera- 
peutics. Edited by Ira I. Kapian, B.Sc., M.D., Director, Division of 
Cancer, Department of Hospitals, City of New York; Visiting Radiation 
Therapist, Bellevue Hospital, ete. Pp. 804; 780 illustrations. Chicago: 
The Year Book of Publishers, Inc., 1933. Price, $7.00. 

The Great Doctors. A Biological History of Medicine. By Henry E. 
Siegrist, Professor of the History of Medicine, The Johns Hopkins 
University. Translated by and Cepar Pp. 436; illustrated 
New York: W. W. Norton & Co. Inc., 1933. Price, $4.00. 

The Absorption of Insulin from the Alimentary Tract in the Presence of Pro- 
tein-phospholipin Compounds. By 8S. Presxinp, B.S., M.D. Pp. 19. 
Cleveland: The 8. P. Mount Printing Company, 1931. 
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Some Modern Extensions of Beaumont’s Studies on Alexis St. Martin. 
Beaumont Foundation Lectures. By W.B.Cannon, M.D.,8.C., LL.D., 
George Higginson Professor of Physiology, Harvard Medical School, 
Beaumont Lecturer for 1933. Pp. 87. Detroit: Lectureship Founda- 
tion Committee of the Wayne County Medical Society, 1933. 

Surgery of the Stomach and Duodenum. By J. SHevron Horstey, M.D., 
F.A.C.S., LL.D., Attending Surgeon, St. Elizabeth’s Hospital, Richmond, 
Va. Pp. 260; 136 illustrations. St.Louis: The C.V. Mosby Company, 
1933. Price, $7.50. 

The Medical Clinics of North America, Volume 17, No. 2 (Chicago Number— 
September, 1933). Pp. 233; 36 illustrations. Philadelphia: W. B. 
Saunders Company, 1933. 


NEW EDITIONS. 


Infections of the Hand. By Auuxmn B. Kanavet, M.D., Sc.D., Professor of 
Surgery, Northwestern University Medical School, Chicago; Attending 
Surgeon, Wesley Memorial and Passavant Memorial Hospitals, Chicago. 
Pp. 552; 216 illustrations. Sixth Edition thoroughly revised. Phila- 
delphia: Lea & Febiger, 1933. Price, $6.00. 

The Technic of Local Anesthesia. By ArtHur E. Hertzuer, A.M., M.D., 
Pu.D., LL.D., F.A.C.S., Professor of Surgery in the University of Kansas; 
Surgeon to the Halstead Hospital, Halstead, Kan.; to the St. Luke’s 
Hospital and St. Mary’s Hospital, Kansas City, Mo., and to the Provi- 
dence Hospital, Kansas City, Kan. Pp. 292; 148 illustrations. Fifth 
Edition. St. Louis: The C. V. Mosby Company, 1933. Price, $5.00. 

The Enlarged Prostate and Prostatic Obstruction. By KenNetH M. WALKER, 
F.R.C.S., M.A., M.B., B.C., Jacksonian Prizeman and Hunterian Pro- 
fessor, Royal College of Surgeons 1911, 1922, 1924, 1933; Lecturer in 
Venereal Diseases, St. Bartholomew’s Hospital, etc. Pp. 223; 63 illus- 
trations, 1 colored. Second Edition. New York: Oxford University 
Press, 1933. Price, $4.25. 

Food, Nutrition and Health. By E. V. McCotuum, Px.D., Sc.D., and J. 
ERNESTINE Becker, M.A., Professor and Associate, of Biochemistry, 
School of Hygiene and Public Health, Johns Hopkins University, Balti- 
more. Pp. 146; various tables. Third Edition rewritten. Baltimore: 
By the Authors, 1933. Price, $1.50. (Review, p. 874). 


Pathogenic Microérganisms. By Hauiock Park, M.D., Pro- 
fessor of Bacteriology and Hygiene, University and Bellevue Hospital 
Medical College and Director of the Bureau of Laboratories of the Depart- 
ment of Health, New York City, and ANNA WessELs WILLIAMs, M.D., 
Assistant Director of the Bureau of Laboratories of the Department of 
Health, New York City. Pp. 867; 215 engravings and 11 full-page 
plates. Tenth Edition, enlarged and thoroughly revised. Philadelphia: 
Lea & Febiger, 1933. Price, $7.00. 

Starling’s Principles of Human Physiology. Sixth Edition, Edited and 
Revised by C. Lovarr Evans, D.Sc., F.R.C.P., F.R.S., Jodrell Professor 
of Physiology in University College, London. The Chapters on the 
Central Nervous System and Sense Organs Revised by H. Harrripes, 
M.A., M.D., Sc.D., F.R.S., Professor of Physiology at St. Bartholomew’s 
Medical College. Pp. 1122; 562 illustrations, 10 in color. Philadelphia: 
Lea & Febiger, 1933. Price, $8.75. 
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The Blood in Cases of Unexplained Gastric Anacidity.—There 
have been many expressions of opinion published or expressed orally 
of the effect that those individuals who have an unexplained achlor- 
hydria represent potential cases of pernicious anemia and that, while 
for ‘a time at least, as in early life, this difficulty in the gastric secre- 
tion is entirely without harm to the individual, nevertheless ultimately 
many of them will develop a pernicious type of anemia. As PoLLAND 
(J. Clin. Invest., 1933, 12, 599) writes, there have been innumerable 
studies on those people who have pernicious anemia which show that 
they suffer from anacidity but on the other hand there has never been 
a comprehensive blood survey of the people who have this difficulty 
in their gastric secretion. He therefore studied a group of 26 males and 
22 females who had an anacidity after an injection of histamin. Most 
of these patients did not have primarily digestive complaints. The 
duration of the anacidity was variable, extending from 1 to 56 months, 
with the average of the males 27 months and the females slightly over 
19. Patients with such diseases as carcinoma, syphilis, chronic wasting 
and a few other diseases were excluded. The study included the com- 
plete blood count with platelet and reticulocyte estimations, the average 
diameter of the red corpuscle, and icterus indices and van den Bergh 
test. The detailed reports are presented in a series of tables. The 
hemoglobin content in the males averaged 87.6 per cent as contrasted 
with the control group whose hemoglobin percentage was 93.3; the 
grams per cent of the test group was 14.9 and the controls 16.07. The 
female test and control group was comparable to the male. The red 
cell count showed no striking difference in the two groups. Color 
indices were 0.9 or higher and the white cell counts were within normal 
range. The platelet count and the estimation of the number of reticulo- 
cytes also showed nothing of moment, whereas the icterus index and the 
van den Bergh were slightly above normal. The measurements of the 
red cells showed again nothing of significance. Polland points out that 
if the blood counts of the anacidity individuals are compared with the 
controls who have normal gastric secretion no significant differences 
appear and he concludes from these studies that there is no evidence to 
substantiate the idea that anacidity in itself leads to anemia. 
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SURGERY 


UNDER THE CHARGE OF 


I. S. RAVDIN, BS., M.D., 
J. WILLIAM WHITE PROFESSOR OF SURGICAL RESEARCH, UNIVERSITY OF PENNSYLVANIA, 
AND 


C. G. JOHNSTON, M.S., M.D., 
INSTRUCTOR IN SURGERY, UNIVERSITY OF PENNSYLVANIA, 
PHILADELPHIA, PA. 


Total Thyroidectomy—A Therapeutic Measure in Congestive Heart 
Failure.—In February, 1933, RosenBLuM and Levine (Am. J. Med. Sci., 
1933, 185, 219) reported a follow-up study of 69 “thyrocardiacs”’ in 
whom subtotal thyroidectomy was performed. The final conclusion 
in this paper was indeed interesting: “The occurrence of striking 
improvement following subtotal thyroidectomy in a patient with 
advanced congestive heart failure, in whom the thyroid gland was 
normal, suggests that this operation may be useful more generally in 
the treatment of various forms of cardiac disease.” 

The cardiac improvement that so frequently follows a subtotal 
thyroidectomy in patients with thyrotoxicosis and cardiac disease is a 
familiar clinical observation. BLumMGarRT, LEVINE and BERLIN (Arch. 
Int. Med., 1933, 51, 866) and BLumeGart, RisemMan, Davis and BERLIN 
(Ibid., 1933, 52, 165) have demonstrated the close relationship that 
exists between the basal metabolic rate and the velocity of blood flow 
and thus between the tissue metabolism and the demands made upon 
the heart. In patients with metabolic rates of about +30, the velocity 
of the blood flow was found to be twice the normal while in myxedema- 
tous patients with low metabolic rates the velocity of the blood flow 
was at times only one-half the normal velocity. In congestive heart 
failure the velocity of the blood was found to be “considerably slower 
than in non-cardiac patients with a similar basal metabolic rate.” As 
a logical outgrowth of their observations on this -relationship was 
their suggestion that a lowering of the normal metabolic rate by removal 
of the thyroid gland in patients with congestive heart disease might 
enable the heart adequately to meet these decreased demands upon 
it and thus restore compensation. A subtotal thyroidectomy was 
performed on 2 patients who showed no evidence of disturbed thyroid 
function but who had severe congestive heart disease, and on 1 patient 
with angina pectoris but with an increased metabolic rate of +30. 
Definite improvement followed these operations but it was temporary 
in 2 of the patients, becoming less as their metabolic rates returned to 
normal after the first drop. It was then suggested that total thyroidec- 
tomy be done to insure a permanent lowering of the metabolic rate. 
One patient was subjected to this operation with a fall in his metabolic 
rate to —28 and marked improvement in his cardiac symptoms. 

Total thyroidectomy is not an infrequent operation but in order to 
attain permanent results the thyroid tissue must be more completely 
removed than is usual in the so-called total thyroidectomy. BERLIN 
(Am. J. Surg., 1933, 21, 173) points out that “shaving the posterior 
portion of each lateral lobe as close as possible to the capsule, or 
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stripping the capsule from the posterior surface of the lobe” (GrLMAN 
and Kay, Am. J. Med. Sci., 1928, 175, 350) is not sufficient. All thy- 
roid tissue must be removed. The parathyroid glands must of course 
be carefully identified and guarded. Total thyroidectomy also involves 
the region of the external laryngeal and the recurrent laryngeal nerves, 
so great care must be exercised to avoid damage to these structures. 
Since the patients are not thyrotoxic they usually stand the operation 
surprisingly well. Berlin has reported the surgical technique of total 
ablation of the thyroid in a series of 11 cardiac patients and the pre- 
cautions which must be observed. That this operation offers restora- 
tion of function to certain otherwise hopelessly incapacitated cardiac 
patients, at least for a time, seems probable. 

As in all new radical procedures it is highly probable that the results 
obtained by Biumeart and his associates (Arch. Int. Med., 1933, 51, 
866; 52, 165) may lead to many fatalities due to the improper selection 
of material and inexperience in thyroid surgery. The surgeon should 
not attempt to select the material but should, as Bertin (Am. J. Surg., 
1933, 21, 173) has done, see that this is done by competent cardiol- 
ogists. 


THERAPEUTICS 


UNDER THE CHARGE OF 


CARY EGGLESTON, M.D., 
ASSISTANT PROFESSOR OF CLINICAL MEDICINE, CORNELL UNIVERSITY MEDICAL COLLEGE, 
NEW YORK CITY, 


AND 


SOMA WEISS, M.D., 
ASSOCIATE PROFESSOR OF MEDICINE, HARVARD MEDICAL SCHOOL, 
BOSTON, MASS. 


The Pharmacology and Therapeutic Action of a New Crystalline 
Digitalis Glucosid.—The active digitalis glucosids consist of a combina- 
tion of a sugar component and of an aglucone. The aglucone part of 
the glucosid is pharmacologically less active and, in water, practically 
insoluble. It is through the addition of the sugar component that 
the glucosid becomes soluble in water, and thus the blood stream can 
carry it to the cardiac muscle. Today it is thought that the potency 
of the digitalis leaf depends mainly on the presence of three active 
glucosids—digitoxin, digitalin and digitalein. Whether these gluco- 
sids and other substances obtained from the galenic preparations are 
present as such in the digitalis leaf has never been proven. Willstatter 
and his associates have repeatedly demonstrated that the presence of 
enzymes in plants can change substances to be extracted from them. 
Stott and Kreis (Miinchen. med. Wehnschr., 1933, 80, 723), therefore, 
undertook the study of the chemistry of the digitalis leaf with the aid 
of a method which prevents enzyme action during extraction. Under 
such circumstances no digitoxin was obtained from the leaf of digitalis 
purpurea, but instead a glucosid called “purpurea glucoside A,” which 
contains 1 molecule more glucose than digitoxin. A ferment in the 
VoL. 186, No. 6.—DECEMBER, 1933 30 
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digitalis leaf called “ digipurpidose”’ splits down the “ purpurea glucoside 
A” into sugar and digitoxin. The authors also undertook the chemical 
study of Digitalis lanata, a species of foxglove common in Hungary, 
and particularly rich in glucosids. Using similar methods, the authors 
have isolated a crystalline glucosid called “digilanid.”” By using a 
method of separation with chloroform and methyl alcohol they have 
split this glucosid into three crystalline glucosids called “digilanid A, 
Band C.” Each of these three glucosids consists of 3 sugar molecules, 
3 molecules of digitoxose and 1 molecule of glucose, but the aglucone in 
each is different. It is digitoxigenin in digilanid A, gitoxigenin in digi- 
lanid B and digoxigenin in digilanid C. Digilanid is a glucosid with 
the highest sugar content known. Digilanid and its split products 
were tested in animals by Roruurn (Miinchen. med. Wehnschr., 1933, 
80, 726). The fatal dose of digilanid in cats is 0.34 mg. per kg. intra- 
venously and 0.35 mg. subcutaneously. The fact that orally it is 
only half as toxic as by vein indicates good intestinal absorbability. 
They estimated that the muscle of the heart per kilogram takes up 
27 times more glucosid than 1 kg. of average body weight. Various 
experiments described all indicated typical digitalis effect in animals. 
The therapeutic properties of “‘digilanid’”’ were studied by HocHREIN and 
LECHLEITNER (Miinchen. med. Wcehnschr., 1933, 80, 727). In using a 
solution, 1 ec. containing 0.5 mg. of the glucosid, usually 0.5 ec. (0.25 
mg.), 3 times daily, induced beneficial digitalis effect in 5 to 10 days. 
An overdose induced typical digitalis intoxication. For a maintenance 
dose, 0.15 mg. once or twice daily sufficed. The beneficial effect was 
estimated with the aid of comparative measurements of pulse, respira- 
tion, venous pressure, diuresis, etc. The results indicated an improve- 
ment of the circulation in the majority of patients studied. The 
authors claim that the diuretic effect of digilanid was particularly 
prominent, and that prompt improvement followed the oral adminis- 
tration of this glucosid in severe cases treated heretofore by the intra- 
venous administration of strophanthin. The authors recommend the 
use of digilanid. 


(Abstractor.— While the above investigation seems to be important from point 
of view of digitalis chemistry, the therapeutic results do not give definite evi- 
dence that would indicate that for routine clinical use the administration of 
“digilanid”’ offers advantages over a standardized tincture or infusion of 


digitalis. ) 


PEDIATRICS 


UNDER THE CHARGE OF 


ALVIN E. SIEGEL, M.D., 


OF PHILADELPHIA. 


Hereditary Gaucher’s Disease.—ANDERSON (J. Am. Med. Assn., 
1933, 101, 979) defines Gaucher’s disease as a non-hereditary congenital 
familial disease due to disturbed lipoid metabolism with the production 
of an abnormal material called kerasin. This is stored by histiocytes 
of reticulo-endothelial origin, giving rise to the typical Gaucher cell, 
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which is found in all tissues, chiefly the spleen, lymph glands, liver and 
bone marrow. Clinically the disease is characterized by splenomegaly, 
hepatomegaly, pigmentation of the skin, pinguecula-like thickenings 
of the ocular conjunctive, hemorrhagic diathesis, unique changes in 
the bones with discrete or confluent rarefactions, leukopenia, anemia 
of the hypochromic type, thrombocytopenia, and in infants there may 
be a preponderance of neurologic symptoms. This report is the inves- 
tigation into the history of a Russian family in which there is a possi- 
bility of hereditary transmission of this disease. There were 9 children 
in this family. The paternal grandmother died at the age of 22. She 
and two of her sisters had large abdomens and a yellowish-brown dis- 
coloration of the skin and died of a common cause. The son of this 
woman and the father of the patients died at the age of 55 of myocardial 
insufficiency, emphysema and chronic bronchitis. He was in the hos- 
pital twice, and the records show no evidence of enlargement of the 
spleen. He had 1 brother and 1 sister, but no history of these 2 indi- 
viduals was available. The mother of the patients is living and has 
heart disease but no evidence of splenomegaly. Of the 9 children 3 are 
dead. One daughter died of measles at the age of 14 years; another 
died at 6. She had a large abdomen, and a pale greenish-yellow color. 
One daughter died when she was 17. She had a large abdomen, a 
brownish-yellow discoloration of the skin, and a large spleen that had 
been removed. There was much ascites and the peritoneum was 
studded with tubercles, but the pathologic report was Gaucher’s 
spleen. Death occurred 3 months after the operation from extensive 
pulmonary tuberculosis. Three sons and 3 daughters survive. None 
of the sons show any splenic enlargement, ‘skin discoloration or other 
signs of Gaucher’s disease. One son has 4 children all apparently 
healthy; another 1 infant apparently healthy. All 3 of the living daugh- 
ters havea pale yellowish-brown discoloration of the exposed skin and 2 
of them have many acne pustules. One shows no signs of Gaucher’s 
disease other than the color of her skin. Her spleen is not palpable. 
Another daughter has an enlarged spleen and although splenic puncture 
was not allowed Gaucher’s disease is considered the cause of her condi- 
tion. The third daughter, who is the eldest daughter living, has an 
enlarged spleen and by splenic puncture it has been proved to be 
Gaucher’s disease. This last woman has 1 son and had 1 miscarriage. 
The living son has no evidence of Gaucher’s disease. From the studies 
made in this report Gaucher’s disease appears to manifest itself in 
females, but the transmission is through the male branches. As this is 
the only known report in the literature no definite conclusions can be 
made, but this should stimulate the reporting of other family histories 
where Gaucher’s disease has been observed. 


The Blood Picture in Icterus Neonatorum Familiaris Gravis and Its 
Diagnostic Significance.—A.rzirzoctou (Monats. f. Kindhk., 1933, 
58, 329) says that among the various forms of icterus in the newborn, 
icterus gravis is of especial importance because of its serious conse- 
quences for the family. The fact that a similar case has already occurred 
in the family, particularly if in the same generation, is of the greatest 
significance in the diagnosis. Isolated cases are possible, and it is 
important that the first case occurring in a family be recognized, 
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especially because an early diagnosis will make possible therapeutic 
measures which are often helpful in a condition that so frequently ends 
fatally. Erythroblastosis is a characteristic symptom of this disease. 
Since it is present physiologically in the newborn, it may be difficult 
to estimate this symptom unless it occurs in an extreme form. Erythro- 
blastosis has a pathologic significance if it increases during the first few 
days of life. In doubtful cases it is advisable to count the normoblasts 
in addition to considering the history and the clinical symptoms. 
Early diagnosis is of extreme importance as it allows for early trans- 
fusion, which may cure this otherwise fatal disorder. 


GYNECOLOGY AND OBSTETRICS 


UNDER THE CHARGE OF 


CHARLES C. NORRIS, M.D., 
PROFESSOR OF OBSTETRICS AND GYNECOLOGY, SCHOOL OF MEDICINE, 
UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA., 


AND 
FRANK B. BLOCK, M.D., 


SURGEON, JEWISH HOSPITAL, PHILADELPHIA. 


Operative Injury to the Ureters.—During the course of operations 
upon the pelvic organs there is always a possibility of injury to one or 
both ureters and while the reported incidence of this accident is less 
than 0.5 per cent it is probable that the accident occurs, frequently 
unrecognized, in a greater number of cases than reports would indicate. 
In discussing this subject NEWELL (Am. J. Obst. and Gynec., 1933, 25, 
220) reports 8 such cases and states that if a ligature is discovered on a 
ureter at the time of operation, the proper treatment is to deligate as 
soon as possible since the ligature is usually not sufficient to cause 
permanent injury. If the ureter has been severed, a uretero-ureteral 
anastomosis should be performed. ‘Transplanting the ureter into the 
bladder is only fairly satisfactory, as the contraction of the wall of the 
bladder constricts the ureter, eventually causing a pyonephrosis and 
death of the kidney. If the patient is in poor condition and only one 
ureter is damaged, a ligation may be done, which will cause death of the 
kidney. If the ureter has been crushed by a clamp, the injury should 
be carefully examined and if it is determined to be severe, end to end 
anastomosis should be done in order to prevent a fistula. If both ureters 
have been ligated and this is not discovered until several days after 
operation the patients condition is a serious one. The ideal treatment 
is deligation if the condition of the patient will warrant such a serious 
operation, but these patients are uremic and the operation is a tedious 
one. In general, therefore, nephrostomy as an immediate procedure 
is safer and when the patient’s general condition has improved, the 
more extensive operation of deligation can be performed. The most 
common sequel of ureteral injuries are fistulas, which usually occur 
from 3 to 12 days after operation and may be either vaginal or abdom- 
inal, the former more common than the latter. Such fistulas occur when 
the ureter is severed either partially or completely, or the blood sup- 
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ply so injured by clamping that necrosis occurs, or as a result of strip- 
ping the ureter of its blood supply, followed by necrosis. Newell 
believes that it is best to wait from 1 to 6 months after the primary 
operation before attempting to cure the fistula because sometimes the 
scar tissue contraction which occurs will cause a spontaneous cure of the 
fistula although a hydronephrosis and death of the kidney will eventu- 
ally result in most cases. He believes the best plan in dealing with 
these cases is to put the plain facts before the patient, stating the chance 
of failure if anastomosis is attempted and that it might be necessary 
to undergo a second operation for removal of the kidney. If the other 
kidney is normal and the patient desires it, a nephrectomy might be 
performed outright on the affected side and thus avoid the possibility 
of two serious operations. 


OPHTHALMOLOGY 


UNDER THE CHARGE OF 
WILLIAM L. BENEDICT, M.D., 


HEAD OF THE SECTION OF OPHTHALMOLOGY, MAYO CLINIC, ROCHESTER, MINN., 
AND 


H. P. WAGENER, M.D., 


ASSISTANT PROFESSOR OF OPHTHALMOLOGY, MAYO FOUNDATION, ROCHESTER, MINN. 


Contribution on the Symptomatology and Diagnosis of Tumors of the 
Stalk of the Pituitary Gland from the Ocular Point of View.—SuimkIn 
(Ann. d’Ocul., 1933, 170, 127) reports 3 cases which illustrate different 
clinical syndromes produced by suprasellar tumors of the Rathke pouch 
cyst type. The first case showed pallor of the optic disks and bitemporal 
hemianopsia but had no symptoms of endocrine disturbance. Roent- 
genograms revealed enlargement of the sella and a calcified mass, 
22 x 13 mm. in size, above the sella. In the second case, adiposogenital 
dystrophy and pituitary dwarfism were associated with bilateral choked 
disks, paralysis of the left external rectus and right facial palsy. Roent- 
genograms revealed a calcified mass, 11 x 8 mm. in size, above and 
partially in the sella and an otherwise normal sella. In the third case, 
adiposogenital dystrophy with cessation of menses was associated at 
first with pallor of the optic disks, bitemporal scotomata and bitemporal 
hemianopsia for colors. In 7 years, bilateral simple optic atrophy had 
developed with complete blindness on the left and temporal hemianopsia 
on the right, the central vision being reduced to counting fingers. The 
patient also developed glycosuria. Three years later the glycosuria 
had disappeared, menses had returned and the central vision of the right 
eye had returned to normal though a temporal hemianopsia remained. 
Roentgenograms showed enlargement of the sella with destruction of 
the anterior and posterior clinoids but no increase in the depth of the 
sella. The author interprets this case as one of a Rathke pouch cyst with 
spontaneous rupture since the patient received no treatment except 
novasurol and insulin. Roentgen therapy had no effect on the first 
case. Spinal puncture produced a decrease in the height of the choked 
disks and some improvement of vision in the second case. Unfortun- 
ately, none of the 3 cases was verified by surgery or necropsy. 
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OTO-RHINO-LARYNGOLOGY 


UNDER THE CHARGE OF 


pEWAYNE G. RICHEY, B.S., M.D., 
MERCY HOSPITAL, PITTSBURGH, PA. 


Nasal Secretions. The Value of Cytologic Examination to the 
Rhinologist.— Attention has been drawn in recent years to the value 
of cytologic examination of nasal secretions in the diagnosis of diseases 
of the nose and accessory sinuses. Linpsay and WatsH (Arch. Oto- 
laryngol., 1933, 17, 783) present the results of 100 routiné examinations 
of nasal smears taken from patients with acute and chronic rhinitis 
and sinusitis. Smears were made by having the patient blow material 
from the nose onto a glass slide. This material was then spread as one 
spreads a blood smear. The smears were allowed to dry in the air and 
later were stained with Wright’s stain. Few cells occurred in normal 
nasal secretions. The secretions in pathologic nasal conditions con- 
tained an abundance of cells. The presence of eosinophils in nasal 
secretions, the authors state, is indicative of vasomotor rhinitis. How- 
ever, “no allergy was demonstrable in 14.9 per cent of the cases in 
which there was a high percentage of eosinophils in the nasal secretions.” 
When vasomotor rhinitis was complicated by infection the ratio of 
eosinophils to neutrophils was lowered but in cases of infection without 
vasomotor rhinitis the eosinophil count in the nasal secretion was not 
higher than 1 per cent. In cases of allergic rhinitis, eosinophils were 
absent from the nasal secretions during quiescent periods. The number 
of eosinophils in the nasal secretions affords a simple and effective 
laboratory aid in the diagnosis of vasomotor rhinitis when the clinical 
signs of the condition are masked by those of a complicating infection. 


Effect of Extract of the Suprarenal Cortex on Maxillary Sinusitis in the 
Rabbit.— WENNER (Arch. Otolaryngol., 1933, 17, 774) studied the effect 
of extract of the suprarenal cortex on maxillary sinusitis, which he pro- 
duced in 52 rabbits by irrigating the paranasal sinuses every 48 hours 
for 10 days with from 0.3 to 0.5 per cent solution of sodium alizarin 
sulphonate. When a nasal discharge appeared, the rabbits were divided 
into two groups. One was given 3 intramuscular injections of the extract 
of suprarenal cortex in doses of 0.5 cc. per kilogram of body weight 
over a period of 1 week. The second or control group received no 
extract. Both control and experimental animals were killed 17 days 
after the last sinus irrigation, and the antral mucosa was removed. 
On microscopic examination the antral mucose of the control rabbits 
showed a well-defined inflammatory reaction; whereas, no evidence 
of infection was noted in the antral linings of the animals receiving 
the suprarenal cortical extract, which produced a consistent decrease 
in hemoglobin, a change in alkali reserve, and an increased number of 
vacuoles in the cytoplasm of the cells of the suprarenal cortex. 
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RADIOLOGY 


UNDER THE CHARGE OF 


ALBERT MILLER, M.D., 
AND 
CHARLES G. SUTHERLAND, M.D., 


CONSULTING PHYSICIANS, SECTION OF ROENTGENOLOGY, MAYO CLINIC, 
ROCHESTER, MINN. 


Roentgen Findings in Splenomegaly.—The roentgenologic phenom- 
ena observed in 6 cases of splenomegaly, examined with the barium 
meal, are reported by HaBpe (Am. J. Roent. and Rad. Ther., 1933, 29, 
449). In all of the cases there was a definite downward displacement 
of the splenic flexure to or below the level of the hepatic flexure, together 
with a variable degree of inward displacement. The stomach was 
displaced to the right in 3 cases, compressed posteriorly in 2 and neither 
displaced nor compressed in 1. In 2 cases the lower end of the esopha- 
gus was displaced to the right. In no instance was the left diaphragm 
displaced upward. The left kidney was localized in 3 cases, either by 
simple roentgenography or pyelography, and in 2 the kidney was dis- 
placed downward. In the remaining case the kidney was not depressed 
although the spleen was markedly enlarged. 


Pathologic Changes in Diseases of Joints.—From a review of 120 
specimens of resected joints GHORMLEY (Am. J. Roent. and Rad. 
Ther., 1933, 29, 729) presents the pathologic picture of various common 
affections of the joints as related to the roentgenologic manifestations. 
He emphasizes the fact that often, so far as the roentgenogram is con- 
sidered, the same lesion will appear entirely different at different stages. 
At certain stages diverse diseases may resemble each other, both 
pathologically and roentgenologically. For example, it seems heretical 
to speak of tuberculosis and proliferative arthritis in the same breath, 
yet the author describes numerous points of similarity in their morbid 
anatomy. He holds that the ideal time to make a diagnosis of disease 
of the joints is before lesions can be detected roentgenologically, but 
this is not often possible. aaa 

The Roentgen Findings in Suppuration of the Petrous Apex.— 
According to Taytor (Am. J. Roent. and Rad. Therap., 1933, 30, 156) 
suppuration in the apical portion of the petrous pyramid (petrositis) 
is a complication of an acute otitic infection and can be recognized 
clinically and roentgenologically. Clinically it is characterized by (a) 
profuse otorrhea occurring after a period of cessation following simple 
mastoidectomy; (b) retro-orbital pain, along the distribution of the 
ophthalmic branch of the fifth nerve, and (c) sepsis. Roentgenologic 
manifestations are diminished aération, deficient trabeculations, 
intense atrophy, perforation and finally destruction of the apical con- 
tour. These changes occur only in pneumatized petrous pyramids. 
Operative interference is indicated when both symptoms and roentgeno- 
logic signs are present. Cases with roentgenologic signs but without 
symptoms have adequate drainage, and, if not operated on, will prob- 
ably terminate in a protracted otorrhea. 
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NEUROLOGY AND PSYCHIATRY 


UNDER THE CHARGE OF 


FRANKLIN G. EBAUGH, M.D., 


PROFESSOR OF PSYCHIATRY IN THE UNIVERSITY OF COLORADO, 


AND 


GEORGE JOHNSON, M.D., 


PROFESSOR OF NEUROPSYCHIATRY, LELAND STANFORD UNIVERSITY. 


Hallucinations, Pseudohallucinations and Obsessions.—CLAUDE and 
Ey (Ann. Medico-Psychol., 1932, 90, 273) designates two orders of cases 
under obsession. The one, phobias, impulsions, certain “ideative” 
obsessions, characterized by their forced, incoercible character, he 
calls active obsessions. The others, characterized by their character 
xenopathy, are the obsessional parasitic phenomena which seem to 
constitute the majority of the symptoms designed as pseudohallucina- 
tions (hallucinoses, psychic pseudohallucinations, aperceptive repre- 
sentations, inspirations, etc.). As to the pathogenic interpretation, 
the anxiety states, the affective complexes appear to render count of 
the active obsessions. The passive or parasitic obsessions are too 
generally represented as always presented in the psychic by a mechanic 
automatic neoformation. The author attributes certain ones (paresthe- 
sias, real troubles of thought) to elementary cerebral excitations or 
globules, others to an affective mechanism analogous to that which 
goes with the constitution of the active obsessions (delirious anguish, 
affective réle in the projection outside of self), still others to a state of 
low psychologic tension with properly psychasthenic mechanism. 
Psychasthenia appears as the fall of the capacities of mental synthesis, 
which maintain our psychic life under the authority of the voluntary 
activity. It produces a mental confusion which gives rise to some 
abnormal sentiments of strangeness, automatism, to the illusion that 
the elements of our psychic life no more belong to us. Regarded as a 
very general psychopathologic mechanism, the psychasthenia appears 
as a process, which, indifferent to the classification of psychiatry, finds 
itself again at the bottom of a series of pathologic states, in particular, 
mania, melancholia, dementia preecox and chronic delirium. If one 
accepts such an extension of the mechanism, it appears to apply itself 
as well to the active obsessions as to the parasitic. An analysis of the 
phenomena reveals the relative independence that the symptom, in 
its form and its content, presents relatively to its physiologic cause. 
The authors believe that the symptoms is subordinated indirectly to 
its physiologic condition without being entirely and immediately 
determined by it. In the mass of psychic facts there are two domains: 
the exterior world, the world of objects and of being; and the interior 
world, the field of our volitions. The hallucination presents itself to 
the consciousness of the subject as an objective reality. The pseudo- 
hallucinations pertain to the interior world. They appear to the con- 
sciousness of the patient who experiences them as phenomena without 
reality and which, however, are not produced by themselves. The 
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same as in the hallucinations there.is an error, the product of a delusion. 
As to the same conditions of thought in this semiobjectivity, we see 
that they are realized by some different mechanisms, be it of affective 
projection, or by the lowerment of the psychologic tension (psychas- 
thenia). The last mechanism permits us to know there are in the con- 
ditioning of these phenomena not something more, but something 
less of it. That which is lacking is the capacity of mastering, of syn- 
thetizing our psychic activity, of feeling our unity and coherence. 


Thrombosis of a Superior Cerebral Vein.— Davis (J. Nerv. and Ment. 
Dis., 1933, 77, 122) presents a case of this unusual condition, 2 cases 
previously reported. Operative and necropsy findings confirmed the 
diagnosis. “According to MacCallum, the consensus of opinion is 
that the thrombosis is found by some mechanical obstruction or slowing 
of the stream of blood at a point where the endothelium is diseased or 
injured. Because of the operative procedure, we cannot be certain of 
the local pathology of the particular vessel in question but there was 
evidence of sclerotic changes in other vessels, such as the aorta, left 
coronary artery and adrenal vein. With the clinical history of an 
acute infection and a low blood pressure plus the pathologic findings 
of a passive congestion in the spleen and liver, there was sufficient 
evidence to indicate the presence of a venous stasis, which would, in 
turn, favor the production of a thrombosis.” 


PATHOLOGY AND BACTERIOLOGY 


UNDER THE CHARGE OF 


OSKAR KLOTZ, M.D., C.M., 
PROFESSOR OF PATHOLOGY, UNIVERSITY OF TORONTO, TORONTO, CANADA, 
AND 
W. L. HOLMAN, M.D., 


PROFESSOR OF BACTERIOLOGY, UNIVERSITY OF TORONTO, TORONTO, CANADA. 


A Serologic Differentiation of Human and Other Groups of Hemo- 
lytic Streptococci.—The classification of hemolytic streptococci by a 
precipitin reaction, as presented by LANCEFIELD (J. Exp. Med., 1933, 
57, 571) is based on the presence of a carbohydrate, a so-called C sub- 
stance which is not type specific for Streptococcus hzmolyticus, but is 
characteristic for human strains. Antisera were obtained by immuniz- 
ing rabbits with formolized broth cultures of ,the organisms. The 
extracts of the organisms were prepared by the addition of hydrochloric 
acid to a saline suspension of a young broth culture, the mixture heated 
to boiling for 10 minutes, cooled and centrifuged. The clear super- 
natant fluid or extract is used in a series of increasing amounts, with 
a constant volume of antiserum, incubated at 37° C. for 2 hours and 
kept in ice box overnight. One hundred and six. strains of organisms 
were employed and could be divided into groups having a definite 
relation to their source. Streptococcus viridans was used as a control. 
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Group A was composed chiefly of strains of human origin; Group B chiefly 
of bovine origin, from mastitis and normal milk; Group C from various 
lower animals; Group D from cheese; Group E from certified milk. 
A striking correlation was found between the results of the serologic 
method and those based on biochemical and cultural tests used by 
other investigators, viz., final pH, hydrolysis of sodium hippurate, 
reduction of methylene blue milk, fermentation reactions and lysis by 
streptococcus bacteriophage. The group specific substance present in 
Group A is identified as carbohydrate in nature. The composition of 
the specific substances for the other groups has not been determined, 
but it seems likely that they belong to the class of carbohydrates, each 
being chemically distinct and serologically specific for the individual 


group. 

Further Observations on the Cultivation of Vaccine Virus in Lifeless 
Media.—Rivers and Warp (J. Exp. Med., 1933, 57, 741) repeated 
the work of EaGies and Korp1 (Proc. Roy. Soc. London, Series B, 1932) 
in an attempt at verification of the statements of the latter that they 
could cultivate virus in a medium free from cells. They were entirely 
unsuccessful in ten attempts to show a multiplication of the virus on a 
cell-free media. They were able to demonstrate that the same virus 
could be grown in media containing bits of minced viable tissue. They 
concluded that in Eagles and Kordi’s experiments, the preparation 
of tissues did not kill them, but left some cells not only viable, but 
capable of proliferation. Furthermore they concluded that the pres- 
ence of viable cells in culture media is essential for the multiplication 
of vaccine virus. 


HYGIENE AND PUBLIC HEALTH 


UNDER THE CHARGE OF 


MILTON J. ROSENAU, M.D., 
PROFESSOR OF PREVENTIVE MEDICINE AND HYGIENE, HARVARD MEDICAL SCHOOL, 
BOSTON, MASSACHUSETTS, 
AND 


GEORGE W. McCOY, M.D., 


DIRECTOR OF HYGIENIC LABORATORY, UNITED STATES PUBLIC HEALTH SERVICE, 
WASHINGTON, D. C. 


Bacteriological Studies of a Milk-borne Outbreak of Scarlet Fever.— 
Wetcu and Mickie (Am. J. Hyg., 1933, 17, 229) found that the 
organisms isolated from clinical cases of scarlet fever and sore throat 
in the outbreak studied gave the biologic and morphologic character- 
istics of Streptococcus scarlatine. This classification was subsequently 
confirmed by serologic studies in another laboratory. Two milk 
handlers, operating a dairy definitely connected with the outbreak by 
epidemiologic data, harbored in their throats organisms identical in 
every respect with those isolated from the clinical cases. These studies 
indicate that the presence of a distinct capsule on a B-hemolytic strep- 
tococcus is not sufficient evidence that the organism is S. epidemicus 
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without further studies on its colonial, biochemical and serologic proper- 
ties. Evidence is also presented which indicates that the classification 
of streptococci on the basis of the type of lesion produced in the animal 
body is a questionable procedure. It is probable that the course of 
the infection is subject, in addition to the type of organism involved, 
to one or both of the following determining factors: (1) Fluctuation 
or variation in the virulence of different cultures of the same organism; 
(2) variation in the individual resistances of the experimental animals, 
whether due to environmental or hereditary causes. 


The Maternity Ward of the General Hospital.— According to DELEE 
and SreDENTOPF (J. Am. Med. Assn., 1933, 100, 6), hospitalization of 
maternity cases is increasing everywhere, but the puerperal mortality 
is not decreasing anywhere. Numerous authors have called attention 
to the high institutional mortality compared with that of deliveries 
in the home. Meddlesome midwifery and puerperal infection, either 
singly or in combination, seem to cause the greater part of the mor- 
tality. More or less documented reports of 38 epidemics of puerperal 
infection, of which 35 were in the maternity wards of general hospitals, 
were collected by the present authors. They state that numerous 
authorities agree with them that women are safer from infection at 
home or in a specialized maternity building, and some go even further 
in their ideas of strictness of isolation. Meddlesome midwifery must 
be abated or made safe. Something is wrong with the maternity 
wards of general hospitals, and a great deal ought to be done about it. 
Architectural and administrative isolation of the clean maternity is 
recommended until more is known about the nature of puerperal 
infection. 


The Pellagra-preventive Value of Various Foods.— WHEELER (U. S. 
Pub. Health Rep., 1931, 46, 2663) found that canned spinach supplies 
the pellagra-preventive vitamin, but cannot be regarded as especially 
rich in it. It is, however, considered an important contributory source 
of this factor. Canned turnip greens supply the pellagra-preventive 
vitamin and, at least in liberal quantity, adequately supplement an 
otherwise pellagra-producing diet. This substance meets many of the 
requirements of a practical and effective dietary supplement in the 
pellagrous sections. The mature onion is a very poor source of the 
pellagra-preventive vitamin. Canned green beans are, relatively, a 
poor source of the pellagra-preventive vitamin. In a continuation of 
his studies (Ibid., 1933, 48, 67) he reports that dried bakers’ yeast is a 
good source of the pellagra-preventive factor, and its potency is retained 
after heating in the steam autoclave at 15 pounds’ pressure for 7} hours. 
Canned flaked haddock contains the pellagra-preventive factor but in 
an amount so small that a relatively large proportion is required ade- 
quately to supplement an otherwise pellagra-producing diet. Some 
less commonly observed symptoms associated with the use of an inter- 
mediate allowance of haddock are described and their significance is 
briefly discussed. Canned green peas supply the pellagra-preventive 
factor and may be found a highly practical and convenient source of 
this essential in the pellagrous sections during the spring months when 
pellagra-preventive supplements are scarcest. 
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PHYSIOLOGY 
PROCEEDINGS OF 


THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 
SESSION OF OCTOBER 16, 1933. 


Galvanotaxis of Leukocytes.—Morton McCutcuron and WILLIAM 
B. WartMan (Laboratory of Pathology, University of Pennsylvania). 
Emigration of leukocytes from bloodvessels in inflamed areas is gener- 
ally attributed to chemotaxis or chemotropism. It is possible, however, 
that an electric factor plays a part. The hydrogen-ion concentration 
of inflamed areas is frequently increased, and such chemical changes 
would, according to Abramson, give rise to differences in electric poten- 
tial sufficient to account for emigration of leukocytes. Conceivably 
an electric field might cause either passive transportation of leukocytes 
(electrophoresis) or it might determine merely the direction of a cell 
moving actively by its own amceboid movement (galvanotaxis). Exper- 
iments were made to find out whether leukocytes exhibit galvanotaxis, 
and if so, toward which pole they move. A drop of rabbit leukocyte 
suspension was allowed to spread between slide and coverslip. Under 
opposite edges of the coverslip extended strips of filter paper connecting 
with non-polarizable electrodes. The E. M. F. employed was 45 volts. 
When the cells were observed under the oil-immersion lens, spontaneous 
random amceboid movement was seen to begin after a few minutes. 
When the current was turned on, the direction of locomotion was not 
affected at first; though electrophoresis of suspended particles began 
immediately. After about 2 minutes the cell oriented itself in the electric 
field and moved toward the cathode. When the current was reversed 
the cell again required about 2 minutes before it once more moved 
toward the cathode. Under the microscope the streaming of the proto- 
plasm, as evidenced by movements of the cell-granules, showed that 
the cell was moving actively on the glass surface, that it was not being 
rolled along or otherwise transported by the electrodsmotic stream. 
The mechanism of the reaction to the electric current, whether it con- 
sists in electric polarization of the cell, is uncertain. It is concluded 
that under these conditions, leukocytes show amceboid galvanotactic 
movement toward the cathode. 


Recent Pharmacological Developments in the Study of Tissue Extracts. 
—J.C. Muncu (Sharp & Dohme, Philadelphia). 


The S-fraction of Tissue Extract and Its Possible Clinical Application. — 
J. B. Wotrre (Sharp & Dohme, Philadelphia). 


Experiences with Divinyl Ether.—S. GoLpscumunt, I. S. Ravpin and 
B. Luckxé (Laboratories of Physiology, Research Surgery and Pathol- 
ogy, University of Pennsylvania). In 1930 Leake and Chen predicted 
from a consideration of the chemo-pharmacological properties of diethy] 
ether and of ethylene that compounds combining the chemical properties 
of each would be of interest as general anesthetic agents. Such a com- 
pound would be divinyl ether. In 1931, Ruigh and Major reported the 
successful preparation of pure divinyl ether and described its properties. 
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The material which we have used has had added to it a small amount 
of absolute alcohol and an “inhibiting” substance. 

In the dog the anesthetic concentration in jugular vein blood aver- 
aged 28 mg. per cent and the lethal concentration 68 mg. per cent. In 
man the anesthetic concentration in blood drawn from a vein in the 
antecubital fossa averaged 18 mg. per cent. The anesthetic was found 
to be four times as potent as diethyl ether. The “margin of safety” is 
as 1 to 2.4. 

Liver necrosis occurred in well-fed dogs when the anesthetic was 
administered for a 3-hour period in 8 of 27 animals. In the Macacus 
rhesus monkey liver necrosis did not result even after 6 consecutive 
hours of anesthesia. 

The effect on the blood pressure and respiration of the dog was similar 
to that produced by diethyl ether. Respiration failed before the circu- 
lation in both the dog and monkey. 

The anesthetic has been administered for 758 general surgical opera- 
tions in the Hospital of the University of Pennsylvania. Induction 
and recovery are rapid. Vomiting occurred in 9 per cent of the patients. 
No liver changes have been observed in man by us but two instances of 
liver necrosis have occurred at the Johns Hopkins Hospital. 

It is too early to state the exact place which this anesthetic will have 
until the clinical experience is greater, but the present observations 
seem to indicate that it may prove to be a very useful substance. 


Spectrophotometric Studies. (a) Hemochromogens and Related 
Compounds (b) A Technique for Examination of Undiluted Blood. 
—Daviw L. DrasKxin and J. Harotp Austin (Departments of Physio- 
logical Chemistry and Research Medicine, University of Pennsylvania). 
(a) Reduced hemin in alkalin solution combines with various nitrogenous 
substances to form reduced hemochromogens which have an exceedingly 
intense, narrow region of absorption in the green (the a band) and a less 
intense and broader absorption toward the blue end of the spectrum 
(the 6 band). Reduced hemochromogens are easily oxidized in air, 
yielding oxidized hemochromogens which also have characteristic 
spectra with the bands shifted toward the red and with a reversal in 
the strength of the a and 8 bands. 

We have devoted most of our attention to the following derivatives: 
pyridin hemochromogen prepared by the addition of pyridin (final 
concentration 8 per cent) to reduced hemin in 0.01 N NaOH; globin 
hemochromogen prepared by the addition of NaOH (final concentration 
0.01 N) to reduced hemoglobin; and the substances formed by the 
addition of pyridin to reduced hemoglobin or to oxyhemoglobin. 

The last mentioned derivatives seem of especial interest. On the 
addition of pyridin to reduced hemoglobin a characteristic orange-red 
precipitate is formed when the concentration of pyridin is 8 per cent; 
upon further addition of pyridin to a concentration of 40 per cent the 
precipitate dissolves, yielding a solution with a characteristic reduced 
hemochromogen-like spectrum. This solution saturated in a tonom- 
eter with CO undergoes a change in color and the spectrum developed 
is very similar to, though not identical with, that characteristic of CO. 
Removal of CO by evacuation restores the original reduced hemochrom- 
ogen-like spectrum. Upon exposure of the reduced pyridin hemoglobin 
solution to air the spectrum of the solution is immediately changed to 
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that of an oxidized hemochromogen. The latter spectrum is also 
obtained on the addition of sufficient pyridin to oxyhemoglobin; but 
in this case no precipitate forms. The addition of KCN to the solution 
oxidized in the air gives rise to a spectrum indistinguishable from that 
of cyanhemoglobin prepared from methemoglobin. 

While the spectra of reduced and oxidized globin hemochromogen 
are in general similar to those obtained by adding pyridin to hemoglobin, 
we have not succeeded in producing either the CO derivative of the 
reduced hemochromogen or the cyanhemoglobin-like derivative of the 
oxidized globin hemochromogen. Oxidized globin hemochromogen 
on standing exposed to air undergoes a further change, yielding a spec- 
trum very similar to the ill defined spectrum obtained on adding 0.1 
N NaOH to methemoglobin. These findings suggest the interpretation 
that the reduced and oxidized derivatives produced by the addition 
of pyridin to hemoglobin are closer analogues of oxyhemoglobin and 
methemoglobin, respectively, than other hemochromogens thus far 
studied. 

(b) We have designed a cell which permits the study of defibrinated 
or oxalated blood as drawn and without exposure to air or alteration by 
diluents not in gaseous equilibrium with the blood. 

The chamber of the cell, ground out of a plate of optical glass, is 
0.07 mm. in depth, and is readily filled and emptied by means of two 
glass capillary tubes, connected with the chamber by ground openings 
in a heavy plate glass cover, forming the floor of the chamber. 

When saporized dog’s blood is used, oxyhemoglobin and reduced 
hemoglobin yield, at various wave-lengths, extinction coefficients 
which, corrected for concentration and depth of solution, are almost 
identical with those obtained with 1 to 100 and 1 to 1000 dilutions of 
blood in 1 cm. and 10 em. cells, respectively. Solutions of crystallized 
horse hemoglobin in concentrations as high as 42.6 gm. per 100 cc. have 
yielded spectrophotometric curves identical with those of oxyhemo- 
globin of dog’s blood. This extends the range of validity of Beer’s law 
for these pigments. Owing to turbidity, non-hemolyzed blood yields 
very different constants. 
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illustrates and describes many other simple, ac- 

curate testing outfits developed by LaMotte 

Research Department in cooperation with 
recognized specialists. 


*If you do not have one, write today for a 
complimentary copy. 
LaMotte Chemical Products Co. 


416 Light Street - - Baltimore, Md. 


Carbonated, Alkaline, 
Non-Laxative 


KALAK WATER 


Offers a carbonated distilled 
water containing chemically pure salts of calcium 
bicarbonate, sodium chloride, sodium phosphate 
and bicarbonates of magnesium, potassium and 
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LIVER 
EXTRACT 
E.29 


Liver Extract E-29 Valentine 


ADVANTAGES OF LIVER EXTRACT E-29 


Contains the water soluble constituents of liver in concentrated 
form (coagulable protein removed). 


E-29 is a 
of alcohol 


VALENTINE’S MEAT-JUICE COMPANY 


contains the Cohn-Minot principle for pernicious 
anemia as well as the Whipple fraction for secondary anemia. 


Effective in secondary anemia in conjunction with iron. 
Uniformly potent. 
Contains vitamin B “complex.” 


Economical form of liver therapy for both primary and sec- 
ondary anemia. 


8 ounces net 


VALENTINE 


aqueous extract of liver, made without the use 


NOW ALSO WITH IRON 
SAME SIZE AND PRICE 


| 
| | 
| 
| 
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| 
|) 
| 
d Virgin 


MELLIN’S FOOD 
IS A CARBOHYDRATE 


and more 


It contains 58.9% maltose and 20.7% 
dextrins. 


It contains 10.3% protein, extracted 
from the wheat and barley which are 
its chief ingredients. 


It contains 3.9% ash. 


It tends to promote normal bowel 
action. 


MELLIN’S FOOD CO., Boston, Mass. 


Literature and Samples of 
Mellin’s Food Gladly Sup- 
plied— to Physicians Only. 


Mellin's Food: Produced an of Wheat Flour, 
Wheat Bran and Malted Barley admixed with Potas- 
sium Bicarbonate — consisting essentially of Maltose, 
Dextrins, Proteins and Mineral Salis. 


Over Half a Century of 
LEADERSHIP 


More than fifty years ago—s58 years to be exact Maltine With Cod Liver Oil is composed: 
—The Maltine Company pioneered in the field 70% Maltine—a concentrated extract of 
of malt therapy and has maintained a position of nourishing elements of malted barley, wheat % 
leadership ever since. The manufacture of malt oats, rich sources of. vitamins B and G. 
extracts bearing the name MALTINE has always remaining 30% is pure vitamin tested cod 
been our main business—never a side issue. oil—rich sources. of vitamins A and D. W 
; administered with either orange or tomato fi 
a fifth vitamin, vitamin C, is supplied. It 
Oil is hysici With Cod Liver Oil is biologically standardi 
Tt is tanding and G. Biological report will be sent top 
prod cians on request. THE MALT'NE COMBA 
B. D and G val Maltine 1875, 30 Vesey Street, New York, N. 
With Cod Liver Oil is “Council Accepted.” This Trade-mark Identifies the ad 


What was true a quarter of a century ago is 


likewise true today. There will always be com- 

petition for the physician’s patronage. We are 

specialists in malt extracts. It will always be our a ned 
aimh to maintain our position of leadership. 


Reg. U. 8. Pat. Off, 
WITH COD LIVER OIL | 


Introduced in 1875 


4 
3 
Cxrtiroops—sieved vegetables of known and guaranteed 
vitamin potency. Prepared by an exclusive process which 
conserves maximum vitamin values, proteins, calories - 
and mineral salts—particularly iron and 
-Prepared by Cerriroops, INc., subsidiary of altine ee » 
Company. 
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